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Raster-scan ert display by Aerospace Research shows six satellite 
tracks and other data on command. See p 74 C 


More Phones for Cars, Planes. Boom in vehicular communications 
predicted for next decade 


Telemetry Aids Pollution Study. Equipment use to plot water 
movement in Lake Michigan could be used for oceanography 


AIR TRAFFIC CONTROLS May Use Missile Technique. Digital 
data links for air defense could handle radar handoff messages 


Interlaced Heads Double Recording Density. Slow-speed, 22- 
channel system reduces storage needs at FAA centers 


POLICE RADIO Integrates Telephones. Chicago speeds answers 
to distress calls by using exchanges as radio zones 


ELECTROLUMINESCENT PANEL Presents Nanosecond Pulses. 
Technique could lead to flat-screen tv display. R. W. Windebank 


Photoelectric Pyrometers With and Without Feedback. Two ver- 
sions for measuring high temperatures. S. A. Elder 


SEMICONDUCTOR THERMOELECTRIC POWER Measured by 
Hot Probe. Needs no sample preparation. N. Bobson 


Designing Multivibrators With Stable Delay Times. How to main- 
tain accuracy during production. D. E. Haselwood 


MAGNETIC DESIGN of Traveling-Wave Tubes and Klystrons. 
Considers cooling methods and thermal requirements. A. Zack 


REFERENCE SHEET: Voltage Needs of Power-Supply Trans- 
formers. Rapid method gives good results. W. J. Bates 
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RF Generators by ITA for every power level . . . every frequency! 


ITA Electronics Corporation specializes in manufacturing black box RF power generating equipment for 
industry and research. One of the nation’s leading producers of broadcasting and communications equipment, 
ITA has the experience with RF equipment to supply any power requirement . . . design units that will meet 
any need. ITA products —30 ke to 2000 mc with power levels from a few watts to megawatts —may be modi- 
fied to perform many specialized functions. Custom equipment, for highly technical applications, can be 


purchased at very low cost with prompt delivery assured. 


For the finest in RF power generators choose ITA. It’s the best equipment made! 


ITA BLECTRONICS CORPORATION 
GOVERNMENT and INDUSTRIAL DIVISION - LANSDOWNE, PENNSYLVANIA 


Chicago, I. AN 3-3797 Jacksonville, Fla. EL 6-0121 New York City, N.Y. CH 2-1999 
ITA SALES OFFICES: Cincinnati, Ohio. CH 1-6386 Kansas City, Mo. GR 1-2838 Portland, Ore. CA 2-2651 
Dallas, Texas. FL 7-9607 Lansdowne, Pa. CL 9-8200 Washington, D.C. 337-2884 
Los Angeles, Cal. MA 2-8552 
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Now available ! filters using | 
Time Domain Synthesis 


Imagine having access to an unlimited inventory of wave 
forms of every conceivable shape; some so radical that they 
could previously only be described graphically and attained 
only through complex active element circuitry. 


Furthering the state of the art to suit the complexities of 
modern electronic systems, Burnell is now prepared to 
design networks through the use of the Fourth Dimension 
of Time Domain Synthesis. 


These passive networks may be designed to produce low 
ringing, constant delay filters, or to produce a functional 


PIONEERS IN microminiaturization OF TOROIDS, 
FILTERS AND RELATED NETWORKS 


wave shaping characteristic with or without specific attenu- 
ation requirements. Examples of a low pass characteristic 
pulse forming network are shown above, where the networks 
precisely resolve the constituents of a time function to pro- 
duce a variety of wave forms, with unique properties now 
available as a tool for new and imaginative applications. 


Break the chains of conventional design, unnecessarily com- 
plex circuitry, and wasted space by contacting your Burnell 


sales engineer today, with your wave form application 
problems. 


EXECUTIVE OFFICE | “4 n PACIFIC DIVISION 
AND PLANT £ ZD, SOUTH PASADENA, CAL. 
DEPT. E-39 ¢~ MFD. IN CANADA 
KJ 


PELHAM, NEW YORK 
PELHAM 8-5000 


CORNWALL, ONT. 
TELETYPE PELHAM 3633 


al BY EDO (CANADA) LTD. 
oe: ty 
A WELLINGTON 2-6774 


DIVISIONS: Gray & Kuhn, Inc., Westbury, Lb. 1., New York * Guillemin Research Laboratory, Cambridge, Mass. 
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FLAT SCREEN electroluminescent displays may, when perfec- 
ted, give in a solid-state device the picture clarity and definition 
now obtained in cathode-ray tubes. Since the viewing screen need 
be no more than a fraction of an inch thick, a tv screen—for 
example—could be hung on the wall like a painting while the 
circuit is hidden away in a black box in the attic. The same 
basic setup could be used to reduce the airplane panel volume 
occupied by a radar set or to ruggedize industrial monitoring 
equipment. 

Even now, rudimentary electroluminescent screens are being 
used for alphanumeric display and large-scale plotting and track- 
ing panels. 
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There are several approaches to designing such displays. One 
of the more ingenious is described in this issue on p 53 by R. W. 
Windebank, of G. V. Planar, Ltd. It does not need a conductor to 
each point to be illuminated. Instead, delay line principles are 
used to build up a voltage pulse at the desired spot. 

Pulses are introduced at each end of the line (see sketch). 
Since the delay line capacitive sections are also the electrolumin- 
escent display elements, the point at which the pulses coincide is 
the point illuminated. The doubling of voltage turns them on. 
Pulse coincidence is controlled through the relative phasing of 
the pulses. 

The basic linear display is converted fairly easily to a square 
or rectangular panel by folding a long delay line into paral- 
lel segments. A further sophistication is a matrix control method 
that permits higher pulse rates and a four-fold increase in coin- 
cident pulse amplitude, for greater brightness. 


Coming In Our December 15 Issue 


MEDICAL ELECTRONICS. After cov- lyzers, photometers and many 
ering diagnostic, clinical and more, in two more articles. 
prosthetic medical electronics Other reports in this issue in- 
equipment in five articles pub- clude a roundup of new electron 
lished earlier this year, Senior tubes, by Associate Editor Solo- 
Associate Editor Bushor now mon; a hybrid electronic igni- 
reports on the instruments be- tion system, by H. P. Quinn, of 
ing used to probe life processes. Tung-Sol; an avalanche-detect- 
Among the instruments em- ing telemetry system, by G. 
ployed are infrared, ultraviolet, Neal and S. A. Stone, of the 
x-ray and ultrasonic microscopes, Canadian National Research 
nuclear magnetic resonance and Council, and a degenerate para- 
electron precession spectrom- metric amplifier design, by R. J. 
eters, cell counters, gas ana- Mayer, of Boeing. 
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HYREL’ ST Capacitors, developed and qualified 
for use in the Minuteman Missile, are 
NOW available to you in ALL RATINGS! 


@ Quality 100 times greater than that of 
former high-reliability components! That’s the 
ultra-high-reliability now demanded of 
electronic parts in the Minuteman missile’s 
intricate guidance and control system. 


@ An unmatched test history of over 
111 million unit-hours backs up the design of 
HYREL ST Capacitors to withstand the 
rigorous performance requirements specified 
for Minuteman components. 


e@ The pioneer in solid tantalum capacitors, 
Sprague is one of 12 nationally-known 
manufacturers chosen to participate in the 





Air Force’s Minuteman Component Develop- 
ment Program of Autonetics, a division of 
North American Aviation, Inc. 


@ All of the special processes and quality con- 
trol procedures that make HYREL ST Capaci- 
tors the most reliable in the world can now 
help you in your military electronic circuitry. 
A tantalum capacitor engineer will be glad to 
discuss the application of these capacitors to 
your missile and space projects. Write to Mr. 
C. G. Killen, Vice-president, Industrial and 
Military Sales, Sprague Electric Company, 
35 Marshall St., North Adams, Mass. 


SPRAGUE COMPONENTS 





CAPACITORS 

RESISTORS 

MAGNETIC COMPONENTS 
TRANSISTORS 


SPRAGUE 


THE MARK OF RELIABILITY 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 


HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 


‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co. 
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a complete 
de laboratory 


The Keithley 610A Electrometer has 
64 de ranges . . . all you need to investi- 
gate in-circuit measurements with no 
loading, semi-conductor parameters, 
capacitor characteristics, photo-electric 
devices, piezo-electrics, properties of 
insulators and outputs of ion chambers. 
The 610A is line-operated and comes 
in bench or rack models. Brief speciti- 
cations: 


© 9 voltage ranges from 0.01 to 100 
volts fs with 2% accuracy on all ranges. 

© input impedance selectable in decade 
steps from 1 ohm to 10" ohms. 

© 28 current ranges from 3 amperes to 
10" ampere fs. 

© 27 resistance ranges from 10 ohms to 
10"* ohms fs with provision for guard- 
ing. 

® constant current source from 1 milli- 
ampere to 10-'? ampere in decade 
steps. 

® gains to 1000 asa preamplifier, dc to 
500 cps bandwidth, 10-v and 1l-ma 
outputs. 

® price $565.00. 


other ELECTROMETERS available: 


Mode! 620 31 ranges, battery-operated $280.00 
Mode! 621 37 ranges, line-operated $390.00 
Mode! 6004 54 ranges, battery-operated $395.00 
Mode! 603 50 kc bandwidth amplifier $750.00 
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Proprietary Rights 


I enjoyed reading your editorial, 
Whose Proprietary Rights? (p 98, 
Oct. 27). I am pleased to see that 
you speak out on this subject. 

In order to clear any ambiguity 
that there may be in my mind, what 
do you mean by the term rights in 
the sentence “There is no question 
but what the government is entitled 
to know-how and patent rights re- 
sulting from government-financed 
development and research’? I have 
interpreted that you mean rights to 
license under a_ privately-owned 
patent versus the right to own a 
patent resulting from government- 
funded work. 

I feel strongly that the NASA 
contract provisions on patent own- 
ership should be repealed and that 
the government should only have 
the privilege of free licensing under 
the privately-owned patent. 

ROBERT W. 
President 


GALVIN 


Motorola Ine. 
Franklin Park, Illinois 


Yes, we do mean what reader 
Galvin means, that “the govern- 
ment should only have the privi- 
lege of free licensing under the 
privately-owned patent.” 


Electronics in the Midwest 


As a resident of Chicago, and as 
a financial consultant, the current 
controversy as to the Midwest’s 
lack of research, as expressed in 
your October 6 issue (p 22), is 
naturally of interest. 

We certainly need research, but 
we also need, as the industry seems 
to be finally realizing, however 
painfully, large, solid companies 
who buy the products of others in 
quantity, sell in quantity, and are 
financially sound enough to pay 
their way, support the industry, 
and weather the storm. 

Far from apologizing for the 
Midwest, I am as proud of its place 
as an increasingly solid electronics 
center as I am of its increasingly 
solid position as a financial center. 

Davip L. KEITH 
Chicago, Illinois 


Semiconductors 


I have just read the recent article, 


What’s New in Semiconductors (p 
89, Sept. 29), and I wish to relate 
to you some opinions on the same. 
I find the article informative espe- 
cially on subjects such as growth 
techniques not generally found in 
technical electronics and manage- 
ment journals. I found particularly 
interesting the descriptions of con- 
struction for the various types of 
diodes and transistors. 

With constant pressure to ad- 
vance the state of the art, we are 
actively engaged in applied research 
and development toward compact, 


lighter, reliable and faster elec- 
tronic circuits to meet our cus- 
tomers’ needs. In this respect, I 


found the section on microminia- 
ture developments of great interest. 
It is especially timely in that we 
now are pursuing a packaging tech- 
nique that requires the removal of 
cans from transistors to achieve 
ultimate compactness. 

F. H. SHEPPHIRD 
Litton Systems, Inc. 
Woodland Hills, California 


Traveling Wave Tube 


Page 114 of vour Nov. 10 issue 
carried an announcement of our 
electronic tube division’s new STX- 
186 miniature traveling wave tube. 

In stating the db of the tube, 4.0 
was printed instead of the proper 
40 db. 

We would like to call your atten- 
tion to this error. 

R. W. CORNES 
Sperry Gyroscope Company 
Great Neck, New York 


Required Reading 


We have selected as required 
reading for War College students 
an article by [Associate Editor] 
John F. Mason entitled Our De- 
fense Against Attack From Space, 
which appeared in the May 13, 1960 
issue (p 36). 
Request permission to reprint 
and use this article for the purpose 
stated above, royalty free. Appro- 
priate credit to the author and 
magazine will appear on the cover 
of each copy. 
CHATHAM P. BUSSELLS 
Lt. Colonel 

War College 

Air University 

Maxwell Air Force Base, Alabama 


Permission granted. 
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venus: homo « species: sapiens 
discipline: factors engineering 


At the six major RCA Defense Electronic 
Products facilities, teams of psychologists and 
design engineers are deeply involved in the 
highly specialized, incredibly complex study 
of human factors engineering—man/machine 
interfaces, auto-instructional methods, de- 


cision processes, read-in/read-out optimiza- 
tion techniques, sensory perception, the entire 
spectrum of psychological-physiological- 


physical disciplines. Whether your require- 
ments involve human factors study of 
command and control functions for defense 
networks, or projected life support systems 
for space exploration, a total RCA capability 
stands ready to assist you . . . from feasibility 
study to project completion. Write Defense 
Electronic Products, Radio Corporation of 
America, Camden, N. J. 


The Most Trusted Name 
in Electronics 


® RADIO CORPORATION OF AMERICA 
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All Popular T0-36, 15-Amp POWER TRANSISTORS Compared 


Tests show that internal construction differences of devices on the market 
are responsible for wide variation in junction-to-case thermal resistance (6c) . . . 
prove big difference in device reliability and maximum possible power. 


As every design engineer knows, the maximum power a 
transistor will dissipate and the performance of the device are 
directly related to its capability of removing heat from the 
collector junction ... with the impedance to heat removal be- 
ing the thermal resistance. 

Any transistor with lower thermal resistance will naturally 
permit greater power dissipation, and will insure greater device 
reliability because of the cooler junction temperature at any 
power level. 


KEYS TO LOWER THERMAL RESISTANCE 


Variation in thermal resistance of the TO-36 power tran- 
sistors on ithe market is due primarily to the differences in two 
internal components — the indium collector and the copper 
pedestal . . . with the major variation resulting from differences 
in the thickness and effective area of the indium collector. 


INDIUM 
COLLECTOR BASE 


PEDESTAL 


CASE 


The thinner the indium through which heat must be con- 
ducted, and the better the heat conductance design of the 
copper pedestal — the lower the thermal resistance. 

Actual measurements of the indium thickness in 15-Amp 
TO-36 transistors from six semiconductor manufacturers 
showed that the indium slab in the Motorola device was from 
17% to 85% thinner than the others... resulting in a com- 
parably lower thermal resistance. 


Manufacturer Indium Thickness 


A 
"Se 
Cc 


16.0 
4.0 
11.0 


D 14.0 
E 3.0 
Motorola (#1) p 
Motorola (#2) 15 


* Although the indium thickness was comparatively thin, the cross-sectional area 
of the heat path was so small that thermal resistance was greatly increased. 

To avoid the possibility of error in the results of the com- 
parative tests, two methods of determining ¢:- were used: ... 
by thermal-electric measurement; and by calculation of the 
metallic heat paths using the equation: 


A: 
Vi = thermal resistivity — Indium 
Ve thermal resistivity — Copper 
L: indium thickness 
Ai effective area of indium 
L: pedestal thickness 
A: entire pedestal area 
@sp junction -to- pedestal thermal resistance 
@rc = pedestal-to-case thermal resistance 


Wu ue ut ue 


Calculated Junction-to-Case Thermal Resistance 
(8c) (Two Motorola devices and one each from 
five other manufacturers) 











DEVICES TESTED 








1 2 3 4 6 
JUNCTION-TO-CASE THERMAL RESISTANCE — °C/W 


RELATIONSHIP OF THERMAL RESISTANCE 
TO MAXIMUM POSSIBLE POWER DISSIPATION 

Examination of recent data sheets for all the power tran- 
sistors tested showed that the specified maximum thermal re- 
sistance for most TO-36 transistors was established at .8°C/ 
Watt; whereas the specified maximum thermal resistance of the 
standard Motorola TO-36 units is only .5°C/Watt...and the 
typical is .35°C/ Watt. 

The difference in performance resulting from this variation 
in thermal resistance is clearly illustrated in the derating curves 
below based on normal maximum junction temperatures (Ts max) 
of 95°C and 100°C. 

(For comparison, a derating curve is also shown for 
Motorola’s new 2N2075 Series 15-Amp, TO-36 transistors with 
a thermal resistance of .5°C/W and a MAXIMUM JUNC- 
TION TEMPERATURE of 110°C). 
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If you would like complete design and specification data for 
the low-thermal-resistance Motorola TO-36 devices — contact 
the Motorola Semiconductor District Office in your area, or 
write to the Technical Information Center at the address below. 


AA MOTOROLA Semiconductor Products inc. 


SOOS EAST McDOOWELL ROAD PHOENIX 8, ARIZONA 
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A SUBSIDIARY OF MOTOROLA INC 
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ELECTRONICS NEWSLETTER 


ELF-VLF Propagation May Be Bomb-Proof 


SURVIVAL of communications in an era of 50-megaton bombs 
(E_rcrronics, p 9, Nov. 10)—sharpening focus on propagation 
methods immune to man-made ionospheric disturbances—adds 
significance to long-term Air Force research on elf (from a few cps 
to 3 Ke) and vif (3-30 Kc) communications. 


Projects Argus and Hardtack in- 
dicated vulnerability of ionosphere- 
dependent communications to high- 
altitude nuclear explosions. Elf, 
vif, meteor trail facsimile, exo- 
spheric forward scatter and multi- 
lobe techniques may provide solu- 
tions. 

Elf and vif advantages appear to 
be: low transmission losses _ in 
earth-ionosphere space, _ relative 
immunity to artificial disturbances, 
possibility of using subsurface 
paths. 

The ionosphere blankets elf-vif 
radiation. This may provide secure 
communications above the _ iono- 
sphere and free spacecraft from ter- 
restrial radiation interference. 
Also, some vif modes are phase- 
sensitive to ionosphere height 
changes and might aid world-wide 
nuclear test surveillance. 

Air Force Cambridge Research 
Labs is experimenting with elf-vif 
propagation on a short baseline 
network in New England. Master 
station is at Mt. Wachuset, Mass., 
and slave stations are in Vermont, 
New Hampshire and Rhode Island. 


EIA Sees Growth in 
Major Markets in ’62 


FACTORY SALES of electronics will 
reach a record total of $10.15 bil- 
lion this year and climb to $10.8 
billion in 1962, L. Berkeley Davis, 
Electronics Industry Association 
president, reported at EIA’s win- 
ter conference in Los Angeles last 
week, 

Consumer electronics skidded a 
bit this year, to $2 billion, but will 
go back up to $2.1 billion in 1962. 
Other 1961 and 1962 figures—all 
increases from 1960—are: indus- 
trial electronics, $1.9 and 2.1 bil- 
lion; military, $5.3 and $5.6 billion; 
replacement components, $0.95 and 
$1 billion, and totals, $10.15 and 
$10.8 billion. 
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Other predictions: after 1964 
aircraft will give way to missile 
and space systems as dominant mil- 
itary procurement category; com- 
ponent sales this year will match 
or slightly exceed 1960’s $3 billion, 
but price declines will probably 
keep transistors and diode-rectifier 
sales at or below 1960’s $525 mil- 
lion. Davis expects the upswing in 
the national economy to continue, 
providing fruitful conditions for 
expansion. 


Burns Resigns, RCA 
Elects New President 


ELECTION of Elmer W. Engstrom 
as president of RCA was announced 
last Friday after the regular 
monthly meeting of the board of 
directors. The resignation of John 
L. Burns as president, a director 
and as director of subsidiary com- 
panies was accepted by the board 
on the same day, according to an 
announcement by David Sarnoff, 
chairman. 

Burns said that his resignation 
was based on personal reasons. He 
had been president since March 1, 
1957. He will continue to serve 
RCA, on special assignments from 


Hams Want 160 Meters 
INDEPENDENT GROUP of _ radio 
operators in the Midwest is urg- 
ing return of the 160-meter band 
to amateur. 

Hams are being asked to send 
their QSL card with call, signa- 
ture and comments to “160 Me- 
ters,”’ Cleveland 33, Ohio. 

Object: to obtain a hearing 
before the Federal Communica- 
tions Commission 





Sarnoff, the announcement said. 

Engstrom was senior executive 
vice president since 1955 and has 
been an RCA employee 31 years. 
As president, he will have super- 
vision of all company operations, 
reporting to Sarnoff. 

Engstrom started his career with 
GE in 1923. When GE’s radio en- 
gineering and manufacturing ac- 
tivities were transferred to RCA 
in 1930, he went along. He was 
active in development of tv and 
later headed RCA Laboratories. 


Defense Supply Agency 
Plan Nearly Completed 


DETAILED PLAN for placing procure- 
ment of electronic components un- 
der the new Defense Supply Agency 
will be submitted to Secretary of 
Defense McNamara before the end 
of the month. 

A member of the planning staff 
said this week that management 
integration plans include more than 
500,000 components, including such 
items as_ resistors, capacitors, 
switches, connectors, relays, coils, 
crystals and tubes. 

Complete plans will relate organ- 
ization, manpower, other resources 
and time schedules for absorption 
of the function by the agency. Maj. 
Gen. Charles B. Root, USAF, with 
a working group from Army, Navy, 
Air Force, Marine Corps and the 
Joint Staff began working on the 
report Oct. 23. 


Loudspeaker Makers 
Plan R&D Foundation 


CHICAGO—Loudspeaker and speaker 
parts section of EIA approved cre- 
ation of an R&D foundation at the- 
section’s semiannual meeting here. 
The meeting was attended by 118 
industry representatives. 

Projects include: a public infor- 
mation program to promote sales 
of American-made loudspeakers, an 
industry R&D center, improved 
industry-wide credit policies, in- 
creased standardization of loud- 
speakers and parts, and a new 
marketing data program. 

The center will conduct confiden- 
tial studies for individual firms. 
It will also evaluate new ideas and 
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distribute them to the industry. 
The library will include U.S. and 
foreign patents and all available 
technical information. 

Financing of the center was 
started with pledges of $5,000 from 
Hawley Products and $1,000 from 
Arnold Engineering. 


Resonant-V Rod Antenna 
Gets All VHF Tv Channels 


ANTENNA designed to receive all 
vhf tv channels equally well is re- 
ported by University of Illinois An- 
tenna Research Lab. The inventors, 
Paul Mayes and Robert Carrell, 
say it is especially useful in fringe 
areas served by two or more cities 
and for pulling in signals over long 
distances. 

Operational model uses 14 alumi- 
num rods attached diagonally to two 
central eight-foot rods and swept 
forward in V configuration. The 
central rods are supported on a pole 
at right angles. Design was derived 
from work on log-periodic antennas. 


Guided Bus Line May Go 
Into Operation in 1965 


CHICAGO—The Transit Authority is 
testing an_ electronically-guided, 
driverless bus this month on an un- 
used, one-mile stretch of road. CTA 
hopes to operate guided buses when 
an expressway with separate tran- 
sit lanes is ready in 1965. 

Sensing units under the test bus 
pick up low frequency (10Kc) sig- 
nals from low-voltage cable in the 
road. Modified Barrett Electronics 
industrial self-guiding devices con- 
trol the bus’ hydraulic steering 
mechanism and at programmed in- 
tervals sound the horn, stop the bus 
and open and shut the doors. 


Chicago Area to Create 
Permanent R&D Council 


CHICAGO—Chicago area conference 
on R&D wound up last week with a 
decision to create a permanent R&D 
council, made up from university, 
industrial and financial commun- 
ities and coordinated by the Chi- 
cago Association of Commerce and 
Industry. 

Three-way program will be de- 
veloped to improve public relations, 


better the scientific atmosphere of 
the area and increase interest and 
activity in electronics and aerospace 
defense contracts. 

Number of Midwest R&D labs 
has dropped from 27 percent of na- 
tional total, in 1950, to 24 percent 
while West Coast facilities have in- 
creased 12 percent, Haldon Leedy, 
Armour Research Foundation said. 
Midwest overemphasisis on hard- 
ware manufacturing and disinter- 
est in R&D is to blame, he said. 
Failing to keep up with technology 
will affect the area’s industrial 
growth, he said. 


Experimental BWO Gives 
High Millimeter Power 


EXPERIMENTAL backward wave oscil- 
lator developed by Varian Asso- 
ciates delivers 1.6 watts of c-w 
power in the 50-Ge to 75-Ge band. 
The company thinks that further 
development of techniques used 
may lead to _ oscillator-amplifier 
chains capable of hundreds of watts 
of c-w power at 50-75 Ge and tens 
of watts c-w in the vicinity of 150 
Ge. 

The device emits a 0.012-inch 
diameter beam from an impreg- 
nated tungsten dispenser cathode. 
The prototype uses a powerful elec- 
tromagnet to confine the beam to 
the center of the interaction struc- 
ture. Permanent magnets would be 
used in production units. Design 
reportedly enables strong interac- 
tion with the high-density electron 
beam without drawing excessive 
cathode current. 


FCC Starts UHF Tv 
Tests in New York City 


FCC TEST of uhf tv in New York got 
underway last week when Chairman 
Newton Minow flipped a switch on 
the 86th floor of the Empire State 
Building. The experiment, planned 
more than a year and costing $2 
million, could lead the way to an 
uhf television system in the U.S. 

WUHF will broadcast on channel 
31 in the metropolitan area. Educa- 
tional and institutional programs 
will be monitored by home sets and 
professional equipment. Receivers 
and monitors will be relocated on a 
monthly schedule, to blanket the re- 
gion thoroughly during a two-year 
period. 


In: Briel | ...2. 


AEROSPACE Industries Association 
has selected Armour Research 
Foundation to direct its Auto- 
matically Programmed Tools 
(APT) program. 


PHILCO’s TechRep division will sup- 
ply 84 instructors to Navy elec- 
tronics school, reportedly first use 
of contract instructors for Navy 
rate training programs. 


MOTOROLA has received R&D con- 
tract for the Mariner R Venus 
spacecraft flight command sub- 
system and test console. 


MIT INSTRUMENTATION Lab has be- 
gun development of gyros for 
Apollo. 


ARMY has awarded Raytheon $5 mil- 
lion in contracts for ground sup- 
port equipment and continued 
development of Hawk missiles. 


AIR FORCE is awarding Space Tech- 
nology Laboratory a $10 million 
contract for research in detecting 
nuclear explosions by instruments 
in spacecraft. 


OTHER Air Force awards include $2 
million to Bosch Arma for R&D 
on Atlas Guidance; $1.8 million 
to IBM for production tooling for 
B-52 bomb-nav system; $10.4 
million to Aveo for more FPS-26 
radars; $800,000 to GPL, mostly 
for doppler radar. 


NAVY contracts include $1.8 million 
to DuKane Corp for electronic 
components of a new type sea 
mine; $1.2 million to Lear for 
guidance and electrical compo- 
nents of the antisubmarine 
DSN-3 drone helicopter. 


RYAN Electronics has sold $320,000 
in military aircraft doppler navi- 
gation radar to Australia and 
Japan. 


RECENT military and space contracts 
also include $600,000 to Consoli- 
dated Electrodynamics for re- 
corders for Surveyor; $500,000 to 
Magnetic Amplifiers division of 
Siegler for airborne power sup- 
plies; $595,000 to Taffet Elec- 
tronics for mobile telephones and 
pulse generator sets; $300,000 to 
Kin Tel for closed-circuit tv. 
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You can 


RPHEL 


the Difference 
in an Ohmite 
Rheostat 


TRY IT YOURSELF! Note the smooth, silent glide 
of the contact over the windings . . . and of the contact 
moving off and on the terminal bands. There’s abso- 
lutely no raspy grinding to cause premature wear .. . no 
aggravating “‘jerk”’ points that make you hunt for a setting. 

The smooth, close control of Ohmite rheostats doesn’t 
just happen. It’s the result of special production opera- 
tions that eliminate roughness. All 11 sizes of Ohmite 
rheostats from 124% to 1000 watts bring you this plus 
value .. . a refinement that pays dividends in your equip- 
ment, whether the rheostat is to be hand operated or 
motor driven. 

Write on Company Letterhead for Catalog 58. 
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it x Rounded pivot gives 
Terminal lug i ae contact 
band is ad- brush flush-floating con- 
justed to wire , tact with wire. 
diameter...no 
bump up or 
down for the 
contact. 


Smooth, welded transi- 
tions between the differ- 
ent wire sizes of tapered 
windings. 


SMOOTHNESS FROM ATTENTION TO DETAIL 


OHMITE MANUFACTURING COMPANY 
3610 Howard Street, Skokie, Illinois 


Rheostats Power Resistors Precision Resistors 
Variable Transformers Tantalum Capacitors 
Tap Switches Relays R.F. Choke 
Germanium Diodes Micromodules 


OHMITE 
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Today’s most versatile __ 
ll'x 17" XY-@) Recorder 


pen gS Sr ae 


} | ; | ; | 
: ut Moseley 


Autograf Model 2DR Recorder 


e ® @ = mounts flush with rack, takes 


only 17%s" of rack space, is only 


Moseley Autograf Model 


2DR Recorder, today’s most obs-ware(=1-1 8s OL) al ae more) a)ace) mm ey- 181-18 


compact 11°x 17” rack-mount instrument! 


ideal for systems use. 


Accepts ac or dc input on each 
axis, includes calibrated X-axis 
time base, scale factor vernier, 
16 dc ranges, 8 ac ranges, 7 cal- 
ibrated sweeps on X-axis time 
base. DC accuracy greater than 


The Moseley 2D, a benchtop recorder 0.2% full scale. $2525. 


features the same size and flexibilit 





vantages as the 2DR. This is today’s most 
versatile bench instrument, has all the 
(1 Tea del al lou (-t-ha0la-t-me) a éa|-0-aD)-m- fale mi-ma-t-le! 


ily convertible to roll chart use. $2450 
ide] Mol st- 16 @r-lelel-t-5-101o'M SoW Ao l-le let elelar-1)) 


Write today for full details 


Now available! Models 2D-2, $2,050.00, and 2DR-2, $2,125.00, identical to above instruments, except without ac converter. 


AUT SRA] §... MOSELEY Co. 


Dept. A-12, 409 N. Fair Oaks Avenue, Pasadena, California 
MUrray 1-0208; Area Code 213 TWX PASA CAL 7687, Cable MOCOPAS 
Field representatives in all principal areas « Data subject to change without notice «+ Pricesf.o.b. Pasadena + Pioneer and leader in X-Y and and Strip-Chart Recorders 
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TUNG-SOL 


6977 


subminiature 
indicator triode 
saves display space 


December 8, 


1961 


Here’s an indicator triode for computer and 
business machine applications that will re- 
place neon lamps in computer circuits. It has 
the advantage of low voltage drain with great 
economy of display area. 

The Tung-Sol 6977 is a filamentary, high 
vacuum, subminiature triode with a fluores- 
cent anode. Especially advantageous in tran- 
sistorized circuits, its high input impedanee 
and small signal requirements do not load 
these circuits. 

Tung-Sol design and manufacturing skills 
are being applied constantly to the problems 
of improving componentry in all fields where 
industrial and special purpose tubes find 
their specialized uses. 

















If you have questions regarding the appli- 
cation of type 6977, or any tube type, you 
are invited to bring them to Tung-Sol. You 
will be pleased with the results. TungSol 
Electric Inc., Newark 4, N. J. rwx:nki93 

TYPICAL OPERATION 


Heater Voitage® AC iP] 
Anode Voitage 0C 60 
Grid Resistance 100,000 
Grid Supply Voltage for max. tight output ° 
Grid Supply Voltage at zero light output 38 


TECHNICAL ASSISTANCE IS ag ary THROUGH: Atlanta, 
oe. Columbus, wd — am = ; Dallas, Tex.; Denver, 
Cole. Detrelt, i; Melrose Park, lil.; 

» deattic want in Sites Abbey Electronics, 


@® TUNG-SOL 
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SWEEP WIDTHS 


14 


VERY NARROW 


--- all in one instrument 


NEW BVT] 9008 


SWEEP SIGNAL 
GENERATOR 


The new Jerrold 900B is the last word 
in versatility and precision, the ultimate 
instrument for all your IF, VHF, and UHF 
sweep requirements. Bench space re- 
quirements and test set-up time are 
drastically cut because so much is al- 
ready built in: 
@ Built-in crystal-controlled harmonic 
markers at 1, 10, and 100mc intervals. 
@ Built-in variable-gain de or ac-coup- 
led ‘scope preamplifier with 200X 
maximum gain. 
© Built-in precision attenuator from zero 
to 50db in 10db steps. 
Generating sweeps with center frequen- 
cies ranging from 500ke to 1200mc, 
the 900B offers unusual stability with 
sweep widths as narrow as 10ke and as 
wide as 400mc. Write for complete 
technical data. 
$1,980.00 f.0.b. Philadelphia 


*Typical communication receiver IF (selectivity 
opprox. 6 ke). 


**Frequency response of typical wide-band dis- 


tributed amplifier (4-216 me). 
® 
If f f | {| ELECTRONICS CORPORATION 
wv ladustrial Products Division, Dept. ITE-121 
The Jerrold Building, Philadelphia 32, Pa. 
Jerrold Electronics (Canada) Ltd., Toronte 
Expert Representative: Rocke International, N.Y. 16, W.Y. 
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WASHINGTON OUTLOOK 


ELECTRONIC COMPANIES are scrambling for Project Apollo 
subcontracts now that NASA has named North American Avia- 
tion prime contractor. Subcontractor selections should start in 
a few weeks. Other prime contract bidders were Martin and 
teams headed by GE, General Dynamics and McDonnell Aircraft. 

The spacecraft is to send a trio of astronauts to the moon and 
back by 1967-69. Apollo is expected to cost several billion dollars 
before the first lunar landing. NAA’s share will tally well over 
$1 billion, NASA experts predict. 

Apollo is to be built in three modules (sketches are artist’s 
conception of lunar landing, left, and takeoff): a command cen- 
ter module for the astronauts with controls, much like those used 
in Mercury capsules; a second carrying fuel, electrical power 
supplies and takeoff propulsion units; a third with landing de- 
celeration rockets. 

North American will build the first two modules. Selection of 
a contractor for the third module is expected within six months. 
Initial plans call for NAA to build 10 to 15 capsules. A mockup 
model, for NASA acceptance testing, is due by late 1962. Flight 
models to check out the system are to be ready by 1964. Circum- 
lunar manned flight will then be made before the attempt is made 
to land on the moon around 1967-69. 

Final negotiations of the cost-plus-fixed-fee prime contracts 
are underway now between NASA and NAA, The project will be 
handled by the company’s Space and Information Systems divi- 
sion at Downey, Calif. 


NEXT YEAR’S Pentagon budget, nearing final shape, will boost 
new orders for electronics procurement and R&D. This year, pro- 
curement appropriations run about $5 billion: $1.4 billion for 
“pure” electronics and communications, the remainder lumped in 
with aircraft and missiles. Current R&D is about $1.2 billion. 

Electronics programs likeliest to gain are Minuteman, Polaris, 
Skybolt and Pershing missiles; Nike Zeus anti-ICBM system; 
tactical battlefield equipment; Midas, Samos and Advent satel- 
lites; electronic support systems like 480-L air communication, 
473-L and 465-L Air Force control, and 496-L space surveillance 
systems. 

Aircraft budget will be heavily trimmed from this year’s $5.9 
billion. Air Force will cut combat type plane procurement, in- 
crease transport planes and buy large quantities of the Navy’s 
Douglas A4D fighter-bombers. Missile orders will be substan- 
tially higher than this year’s $4.2 billion. NASA is expected to 
get twice this year’s $1.7 billion. 
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New, rugged Westinghouse 
portable instruments give long-term 
accuracy never before possible 


There’s no need to treat them gently. 
These new Westinghouse portable in- 
struments have neither pivots nor 
jewels. There is no friction in the 
movement—no wear—nothing to get 
out of adjustment. The secret is a 
unique development — Westinghouse 
Taut Band Suspension. The moving 
element is suspended between strong 
metal bands under high tension. These 
bands carry the current to the coil and 
provide torsion against rotation. 

In the Westinghouse instrument lab- 
oratory, this rugged instrument move- 
ment has withstood over 200 shock 
tests of 2400 G’s and retained accuracy 
within 4%. After 24 million full-scale 
deflections, repeatability remained 
within 1/20 of 1%. By contrast, pivot 
and jewel instruments, after only one 
million deflections, will have so much 
1961 
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friction their accuracy will be ques- 
tionable. Conclusion: Westinghouse 
portable instruments are the 
toughest precision portables ever made. 
Maintenance, recalibration and other 
adjustments are practically eliminated. 
Westinghouse TBS portable instru- 
ments are available as a-c or d-c am- 
meters or voltmeters, with single or 
multi-range scales for practically any 
precision applications. Full-scale deflec- 
tion as low as | microampere is avail- 
able. Shatterproof glass window, high 
impact molded case and insulated re- 
tractable handle are standard features. 
Accuracy rating is 4% or 4%. All 
Westinghouse portable instruments 
meet or exceed the requirements of 
ASA standard C-39.1. Write for com- 
plete specifications and a sample of 
Taut Band Suspension. Westinghouse 
Electric Corporation, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. You can be 
sure... if it’s Westinghouse. j-40541 


*Trademark of Westinghouse Taut Band Suspension 
Instruments 


Type 161 TBS Portable Instrument— 
11.2-inch scale 


Type 151 TBS Portable Instrument— 
6.0-inch scale 


Westinghouse 
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DERIGCARIES 4-300 4ei cic) 
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Not a usual combination. The sensitivity and toughness included in every Honeywell 
panel instrument is a result of the infinite patience and superior technical know-how of our 
designers and engineers. (] Ruggedized Honeywell panel instruments are available with external 
zero adjuster. They are sealed, dustproof, moistureproof and immune to the hazards of climate and 

atmosphere. Built to withstand the most severe tests of shock, vibration and strain — and still give 
accurate, reliable readings — they’re another reason why the name Honeywell and the word dependability 
are synonymous. (] Perhaps a quality instrument from Honeywell can help you do a job better and faster. Just 
get in touch with our representative in your area — he’s listed in the classified pages of your telephone directory. 


0 tact direct: PRECISION METER DIVISION, Minneapolis- 
r contact us direc inneapoli Honeywell 


Honeywell Regulator Company, Manchester, New Hampshire, U. S.A. In 


Canada, Honeywell Controls Limited, Toronto 17, Ontario. Honeywell 13) 
pecision, Water 


International Sales and service offices in all principal cities of the world. 
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More 
Opportunities 
than ever 
before at 


og 
SPACE SYST 








The success of your professional career depends on your abilities, 
ing and the proper opportunities to apply these. Such opportunitie 
through the unusually challenging and responsible positions avail 
Space Systems Division of the Hughes Aircraft Company. 
This Division, expanding at an unprecedented rate, will double in size in the course o 
Several hundred engineers and physicists will soon join Hughes to take part in Spa 
Division projects. 


Among our important Government contracts are such significant and interesting p1 
Project SURVEYOR, the development of spacecraft to soft land on the moon; and ARPAT, 
mental program for an advanced ballistic missile defense system. In addition the compa 
soring a strong, forward looking program in space technology research and design of n 


If you are interested in building an exciting and rewarding career working on growi 
and tomorrow’s technology, please write to me. You will receive a reply within one wee 


F. P. ADLER, Mar 
Af Space Systems | 
Hughes Aircraft 
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AEROSPAGE 
SYSTEMS 


Consider these represe 


Hughes Aircraft Company 


11940 W. Jefferson Bivd. 
Culver City 48, California 
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Control System Analysts 


Requires engineers at va 
rience including senior 

ing over-all project re: 
synthesis and analysis « 


Senior Dynamicists 


Must be capable of pe 
analysis in structural 

required to calculate r 
elastic systems to varic 
including random excita 
ble of original work in di 
analytical techniques. 


| would like to receive additional information about employment possi- 


Dr. F. P. Adler, Manager 
My background and interests are as follows: 


Dear Dr. Adler: 
ADDRESS 
COLLEGE 
DEGREE 


Aerothermodynamicists 


Experience in hypers 
heat transfer, ablatio 
design and shock laye 
most useful. 





Systems Analysts 


Senior engineers and 

gate such questions as 
mum guidance system 
planetary space flight 
choices justified cons 
choice in terms of cos 
are the IR systems r 
listic missile defense; 
mum signal process 
inter-planetary teleco 
are the maintenance 

ments for weapon sy 
requirements of man 
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PLEASE COMPLET 
so that we may 
your interests anc 
Dr. F. P. Adler, 
Division, Hughes 
West Jefferson Bi 
California. We in 


This card may be sealed or stapled and mailed in complete confidence 


PROPULSION OR 
POWER SYSTEMS 


eal PROJECT MANAGEMENT 
I systems ANALysis 
— AERODYNAMICS 


(Number of years) 


We promise you ar 


| HAVE HAD EXPERIENCE IN THE FOLLOWING AREAS: 


These are only a few of the hundreds 








- ~ of openings for both junior and senior 
a 0 [) graduate Physicists, Electronic 
© Engineers, Thermodynamicists, 
= Mathematicians, Mechanical 
Engineers and Aeronautical Engineers. 
= \ D To qualify, you should have training 
\ or experience which can be applied 
y) i to space systems analysis, vehicle 
— = ‘ design, controls, propulsion, missile 
; - defense or related areas. We invite 
osentative openings: your inquiry. 


sts Orbital Mechanics Analysts 

at various levels of expe- Trajectory analysis and solution of prob- 
ior men capable of tak- lems involving conic and perturbation 
t responsibility in the techniques. 


ysis of control systems. 


Space Power Engineers 


Openings include development of electronic 


f performing advanced propulsion systems for space probes. Posi- 
ral mechanics. Will be tions call for capability of working in either 
te response of complex a project or research capacity on direct 
various dynamic inputs energy conversion and storage systems. 
xcitation. Must be capa- Openings exist for both junior and senior 
in developing advanced engineers. An advanced degree in 
les. Electronics or Physics is preferred. 

sts Armament Control Analysts 

personic gas dynamics, Experience in the synthesis of integrated 
lation, re-entry vehicle fire control loops including the tie-in of 
layer ionization will be sensing and guidance equipment is desir- 


able. A strong background in target data 
sensing devices, particularly at optical 
wavelengths, is very helpful, as is experience 
with computers. 


und physicists to investi- 
ns as: What are the opti- 


oe oS for lunar andingo, Lnstrumentation Engineers 


ight; how are the system Involves the integration of advanced 
considering trade-off of instruments into spacecraft such as 
f cost effectiveness; what Surveyor. Includes design for in-flight reli- 
ms requirements for bal- ability; technical direction of instrument 
nse; what are the opti- subcontractors; development of test pro- 
cessing techniques for grams and test equipment; and determining 
2lecommunications; what instrument interactions. Experience with 
ince and logistic require- subcontract procedures is also helpful. 


n systems; what are the 
nanned space flight? 
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creating a new world with electronics 


SPACE SYSTEMS DIVISION 
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arn ING KOVAR ALLOY TO GLA>~ 


| PREPARATION OF METAL 
> PREPARATION OF GLASS 


2 PROCESSING ALLOY 
4-GLASS SEALING METHODS 
5 ANNEALING 

6. INSPECTION TESTS 


ee 


non baneehtse eae ? 
OP WE tienen etiam ke en 


Engineering hints from Carborundum 





6 steps to better glass-to-metal seals 
with KOVAR® Alloy 


KOVAR® is the original iron-nickel-cobalt alloy with correct 
thermal expansion characteristics for making seals with sev- 
eral hard glasses. Procedures for obtaining a satisfactory seal— 
with optimum production yields—will vary according to the 
nature of the end product. This may range from large electron 
tubes to the smallest semi-conductor devices. The following 
hints typify recommendations for the more critical electron . ANNEAL SEAL using flame or furnace program, advancing 
tubes; they can be modified for other products according to to annealing temperature for 30 mins. Reduce to 50° C 
need. below strain point at 1° per minute, then 10° per minute 


dry. Heat treat in wet hydrogen atmosphere. 

. SEALING EQUIPMENT includes gas-oxygen burner and glass 
lathe. Oxidize surfaces by heating metal and glass to 850° 
C in air. Bring parts together by pressure. For strong seal, 
glass edge should approach 90° angle where it meets 
KOVAR alloy. 


1. KOVAR should be scratch-free. Polish with 180-grit alu- 


minum oxide cloth, followed by 260-grit—never emery or 
carbide. Round edges of edge-type seals with a radius of 
about half metal thickness. Sand-blasted matt finish, using 
pure alumina, is preferable for butt type seals. 


. REMOVE DUST FROM GLASS with lint-free cloth. Rinse in 


10% hydrofluoric acid solution, then in running tap water, 
finally in distilled water. Dip in methanol and hot air dry. 


. CLEAN KOVAR prior to sealing by trichlorethylene vapor 


degreasing, immersion in concentrated HCl, followed by 
rinses in tap and distilled water. Methanol dip and hot air 


to room temperature. 


. INSPECTION may include stress analysis by polariscope 


viewing or other method. Examination under 10x to 15x 
magnification should show that glass is free from excessive 
bubbles. Glass color should be grayish or mouse brown. 


FIND OUT ABOUT KOVAR— 
WHERE IT iS USED AND WHY 


Bulletin 5134 gives data on composi- 
tion, properties and applications of 
KOVAR Alloy. For data on sealing pro- 
cedures, ask also for Technical Data 
Bulletin 100-EB6. Write Dept. E-121, 
Latrobe Plant, Carborundum Co., 
Latrobe, Pa. 


THERE IS NO TRUE SUBSTITUTE FOR KOVAR ALLOY 


... supplied only by CARBORUNDUM 


December 8, 1961 
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If protective devices fail to protect, costly burnouts 
may result. Or, if they open needlessly, equipment 
is put out-of-service. In either case, users may blame 
the trouble on the equipment and not on the faulty 
protective device. 


To guard against this happening to your equip- 
ment, specify BUSS and FUSETRON fuses. Each 
and every fuse is tested in a sensitive electronic de- 
vice that automatically rejects any fuse not correctly 
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calibrated, properly constructed and right in all phys- 
ical dimensions. 

Should you have a special problem in electrical 
protection, where you might be in doubt as to the 
proper fuse to use, BUSS places at your service the 
facilities of the world’s largest fuse research labora- 
tory and its staff of engineers. 

To get full data for your files, write for the BUSS 
bulletin on small dimension fuses and fuseholders. 
Form SFB. 
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What better way to demonstrate packaging skill and versatility? Here you see the rcuit: Eijin a 

on a 0.17’ x 0.17” ceramic substrate containing 2 transistors, 2 diodes, 6 resistors, 2 capacitors; Eq in all-welded or 
soldered-connection epoxy module 0.625’cube; Ej on a printed board 214’’x 2:2”. Such capability comes easily to General 
Instrument. We've made components by the millions —to the most rigid standards. We offer a depth of experience as a 
leading supplier of packages in an infinite variety. And we can take your design—your environmental, mechanical and 
electrical requirements—and wrap them up in the most perfect package you can find. Call or write today for details. 


GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 


General Instrument Corporation, 65 Gouverneur Street, Newark 4, New Jersey 


2% WATTS 


ALL UNITS ACTUAL SIZE 
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SPRAGUE 


NEXT TIME... USE TINY 


Blue Jackal 


WIREWOUND RESISTORS | 


Sprague builds reliability ... ef- 
ficiency ...economy right into 
minified Blue Jackets with these 
important features: 


* All-welded end-cap construc- 
tion with special vitreous-en- 
amel coating for total protec- 
tion against humidity, mechan- 
ical damage, heat, corrosion 
gives long-term dependability 
under severe environmental 
conditions 

* Available in resistance toler- 
ances as close as +1% 

* Low in cost... quick and easy 
to install 

Tiny axial-lead Blue Jackets are 

specially designed for use with 

conventional wiring or on print- 
ed boards in miniature electron- 
ic assemblies. Write for com- 
plete technical data in Sprague 
Engineering Bulletin 7410B. 


SPRAGUE ELECTRIC COMPANY 


35 Marshall Street, North Adams, Mass. 


SPRAGUE 


THE MARK OF RELIABILITY 
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More Phones for Cars, Planes 


VEHICULAR COMMUNICATIONS boom 
during the next 10 years was pre- 
dicted recently by A. J. Runft, di- 
rector of commercial electronics 
engineering for AC Spark Plug di- 
vision of General Motors. He thinks 
that the number of telephones in 
autos will grow from 18,000 this 
year to about five million. 

In addition, he says that com- 
mercial aircraft will be offering 
air-ground telephone service to pas- 
sengers as a routine travel accom- 
modation. Plans are well underway 
to expand this service, now being 
offered on a limited basis. 

Major factor in growth of the 
automobile radiotelephone market 
will be increased desire for com- 
munications as more and more peo- 
ple take to the roads for business, 
pleasure and commutation. Runft 
points out that there will be about 
100 million autos on U.S. roads by 
1970. The trend will be accelerated, 
he says, by an increase in FCC 
channel allocations for auto tele- 
phone service, a _ reduction in 
equipment size and power drain 
and innovations in selective signal- 
ing decoders. 

AC’s present auto telephone, the 
AChieverfone, has a decoder with 
a capability 25 times greater than 
its 1947 counterpart, for example, 
and is one-quarter the size. Runft 
expects that before 1970 a unit 
FIGURES OF THE WEEK 


Thousands 
of 
Units 


450 Ao 


Production 
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with 10 million codes, occupying 
43 cu. in. will be available. 

At present, equipment gives no 
problems as long as calls are placed 
within the area intended for its 
use. However, if the car is driven 
to another area, the auto telephone 
might receive a call placed to a lo- 
cal resident with the same channel 
and code. Units with a great num- 
ber of codes would solve this prob- 
lem. Runft said that he could even 
conceive of the day when people 
would be assigned permanent tele- 
phone numbers (like a Social Se- 
curity number). 


More Base Stations 


Expectations are that telephone 
companies will install many more 
auto telephone base stations 
throughout the nation, to provide 
complete coverage. 

Other obstacles besides technical 
ones need to be overcome, In some 
states, for example New York and 
Massachusetts, drivers who want 
to use their telephones must pull 
over to the side of the road. The 
new GM phone is hands-free, using 
a boom-mounted microphone and a 
foot-actuated operating switch. De- 
velopments like this may help 
change driving regulations. 

In the air, Runft said, some 20 
commercial airplanes have been 
trying out the GM Skyphone. Pas- 
sengers can use the telephones now 
within 200 miles of New York City, 
Washington, D. C., Pittsburgh, Chi- 
cago and Detroit, and contact vir- 
tually any phone in the world via 
the Bell System. Other cities will 
be joining the network shortly. 

Telephone companies, he said, 
plan to add about 70 more ground 
stations by 1964 in the U.S. and 
about 12 more in Canada. Perma- 
nent frequency allocations for this 
service have been made by FCC. 
The production model of the Sky- 
phone will be a multichannel set 
which will automatically tune to the 
channel of the proper ground sta- 
tion. 

Runft also outlined a number of 
other feasible vehicular electronic 
systems with future market poten- 
tial. These include several types of 
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road guidance, safety and warning 
systems; radio and computer-con- 
trolled unmanned vehicles and 
heavy equipment for mining and 
farming; highway construction 
bulldozers which would grade on 
planes established by radio beams. 


Small Firm’s Best Bet 
Industrial and Military 


STANFORD Research Institute survey 
conducted for the Small Business 
Administration finds that elec- 
tronics companies with annual 
sales of less than $10 million ac- 
count for half of the total 1960 in- 
dustry figure of $10 billion. 

Indications are that the most 
promising product areas for small 
businesses are military and indus- 
trial. The survey listed equipment 
for reconnaissance and surveillance, 
countermeasures, checkout, detec- 
tion, tracking and data reduction as 
the most likely to catch the govern- 
ment’s fancy. Test and measuring 
instruments of relatively small size 
and high technical complexity are 
the most appealing to industry. 

About 30 percent of the indus- 
try’s output, $3 billion a year, is 
spent in government and industry 
R&D. Since production quantities 
involved are relatively low, expen- 
sive, automated equipment is less 
important and lower capital re- 
quirements make it possible for 
smaller firms to compete effectively 
with industry giants. 

Generally, competition is based 
on quality or uniqueness of product 
rather than price. 


MILITARY CONTRACTING 


COMPLETE DEFENSE SYSTEMS 
FIRST QUARTER FISCAL 1962 


Total Prime Total Sub- 
Contractors contractors 


$1,067,508,000 $31,704,000 
161,944,000 13,028,000 
69,447,000 1,672,000 
25,383,000 5,710,000 
214,160,000 7,506,000 
1,309,000 


Aircraft Systems 
Communications 
Components 

Data Processing 
Electronic Warfare 
Meteorology se 
Missiles 1,510,824,000 183,561,000 
Navigation 124,286,000 1,259,00 
Research 82,885,000 242,000 
Services 161,702,000 
Vehicles 500,616,000 13,373,000 


TOTALS 


The above figures represent prime mili- 
tary systems awards. They are re- 
corded for ELEectTronics by Frost & 
Sullivan, Inc., of New York City, de- 
fense marketing specialists. 


$3,920,064,000 $258,055,000 
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Never before has there been an a-c power source as flexible as the 
Behiman-Invar 161A Invertron. The unit features a wide variety of separate 
plug-in oscillators in both fixed and variable frequencies from 45 to 5000 
cps. Finally, the electronic industry's need for a low-cost, general purpose 
a-c power supply has been realized. 

The 161A is so flexible, in fact, that three of the units can be stacked. The 
three outputs can then be connected in a Y configuration, employing a 
3-phase plug-in oscillator, to give 3-phase output at approximately 
500 volt amperes. 

The 161A is available either rack mounted or for bench use, and is only 
514 inches high, 17 inches wide and 16 inches deep. Additional features 
include: extended frequency capability, excellent short term voltage ampli- 
tude stability and zero response time. The price is only $420.00 f.o.b. Santa 
Monica, California. Prices on a variety of plug-in oscillators are available 
on request. 

Behiman-Invar also manufactures a broad line of both a-c and d-c laboratory 
power supplies as well as modular power supplies for rack mounting. 
Modules may be operated in series or in parallel for maximum output and 
flexibility of operation. 


BEHLMAN-INVAR ELECTRONICS CORP. e 


1723 CLOVERFIELD BOULEVARD ¢ SANTA MONICA, 3 CALIFORNIA 


Behl Invar rer tatives are: T. Louis Snitzer Company —Los Angeles, La Jolla and Sunnyvale, California. « Cain and 
Company — Albuquerque; Great Neck, N.Y.; Boston; Orlando, Fla.; Philadelphia; Chicago; Dallas; Washington, D.C 
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w= New Copper-Clad Reliability —=| 


In March, 1961, CDF Grade 614, glass-epoxy lami- 
nate, was announced... and met with almost 
overnight acceptance. Particular electronics and 
electrical manufacturers wasted no time in 

‘specifying this premium performance material 
with zero burnout and minimum “haloing.”’ 


By June, 1961, CDF Grade 614 had become the new 
standard of comparison for applications in crit- 
ical ground and air-borne circuitry. Designers like 
its specifications, production men like the way it 
handles, management likes its reasonable price. 


Now, CDF Grade 614 Copper-Clad is setting a new 
pace among particular producers of printed cir- 
cuits... offering a new high in reliability for high 
packaging densities . . . and offering researchers 
a new tool in the investigation of molecular and 
submicro-circuitry. 


You can take advantage of 614 Copper-Clad’s unique features 
right now . . . in research, development or production operations. 
Continental-Diamond Fibre Corporation, Newark, Delaware. A 
Subsidiary of the $24 Company. 
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Here's Custom Memory Flexibility in a Standard Package | 
RCA 5 uwSEC MODULAR MEMORY SYSTEM 


Compact, high-capacity systems now available with the 
word lengths you specify — available for quick delivery 


Now you can bring a new standard of operating efficiency, servicing flexi- 
bility and plug-in convenience to your computer designs with RCA’s com- 
plete modular memory system. It utilizes new, compact modular design 
throughout. All circuits and elements, as well as the complete system plug 
in for easy maintenance and reduced computer down-time. 


This rugged RCA memory system, encased in an aluminum cabinet, has a 
capacity of 256 to 2048 words and up to 20 bits per word. It incorporates 
RCA ferrite memory cores and planes, with specified wide margins of opera- 
tion...up to +8% ...to cope with broad variations of voltage levels over a 
wide temperature range. 


All RCA Complete Memory Systems are available in a broad range of stand- 
ard types and custom designs. RCA is ready, willing, and able to meet the 
most stringent custom requirements for voltage, current, temperature range, 
and speed of operation to make the memory system fully compatible with 
your equipment. 


Here are some of the outstanding features 
of complete RCA Memory Systems: 


@ Specified Wider Margins of Operation...Up to + 8 per cent...to cope 
with broad variations in voltage levels. 

@ Custom Design Service... RCA'’s engineering staff will custom-design a 
memory system to your specifications. 

@ Complete Information Retention...even in case of primary power loss. 

@ Wide Temperature Range...0°C to 50°C. 

Systems Engineering Service—Your local RCA Semiconductor and Materials 

Division Field Representative is prepared to provide a completely coordi- 

nated application service, covering transistors, semiconductor diodes, ferrites 

and memory systems. For further technical information, write RCA Semi- 

conductor and Materials Division, Commercial Engineering Division, Sec- 

tion L-19-NF2, Somerville, N. J. 


The Most Trusted Name in Electronics 


® 


RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES...EAST: Newark, N. J., 744 Broad St., HU 5-3900 - (Camden, N. J. area) Eriton, N. J., 605 Marlton Pike, HA 8-4802 « Syracuse, N. Y., 
731 James St., Room 402, GR 4-5591 + Baltimore, Md., EN 9-1850 - NORTHEAST: Needham Heights 94, Mass., 64 “A” St., HI 4-7200 - SOUTHEAST: Oriando, Fia., 1520 Edgewater Drive, Suite 21, 
GA 4-4768 + EAST CENTRAL: Detroit 2, Mich., 714 New Center Bidg., TR 5-5600 - CENTRAL: Chicago, IlI., Suite 1154, Merchandise Mart Plaza, WH 4-2900 + Indianapolis 5, ind., 2132 East 52nd St., 
“CL 1-1405 + Minneapolis 16, Minn., 5805 Excelsior Bivd., WE 9-0676 - WEST: Los Angeles 22, Calif., 6801 E. Washington Bivd., RA 3-8361 + (San Francisco area) Burlingame, Calif., 1838 E! Camino Real, 
OX 7-1620 - SOUTHWEST: Dallas 7, Texas, 7905 Carpenter Freeway, ME 1-9720 + GOV'T: Dayton, Ohio, 224 N. Wilkinson St., BA 6-2366 + Washington, D. C., 1725 “K” St., N.W., FE 7-8500. 
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HIGH SPEED WITH LOWEST V,,(sat) RATINGS 


PLANAR 
wee NPITANIAL 
PASSIVATED 


The new G-E 2N2193-2195 and “A” series combines three of the most 
advanced processes in semiconductor technology to bring you new 
standards of silicon transistor performance, reliability and stability. This 
series of PEP transistors features greatly improved Vc: (sat.) ratings, 
and can replace standard units without basic circuit changes. 


Planar Passivated 2N696-2N699, 2N1613, 2N1711, and 2N1893 silicon 
transistors are also available. They feature superior h:: holdup at low 


currents, lower Icxo and Iino, and remarkable reliability of performance 
and stability of parameters due to planar passivation. 


TYPICAL PULSE GENERATOR CIRCUIT WITH PEP TRANSISTORS 
SWITCHES ¥2 AMP IN 25 NANOSECONDS 





RL50Q O OUTPUT 





! 
PULSE GENERATOR a 2N2193 


Pulse Characteristics: 1002 





Amplitude 25 volts 
Width 200 nanoseconds 
Rise Time 25 nanoseconds WW 4| 
Fall Time 30 nanoseconds 472 220pf 
impedance 50 ohms 
Repetition 

rate 100 kilocycles 



































Unprecedented versatility is still another unique advantage of General Electric 
PEP transistors in new and/or existing applications. The pulse generator circuit 
shown illustrates the versatility of 2N2193 in an existing circuit, without the need 
for redesigning. Also, by combining low saturation resistance, high voltage, dissipa- 
tion and frequency response, controlled gain over four decades of current, and low 
leakage, with the stability of passivation, the 2N2193 approaches “ideal” transistor 
characteristics. These characteristics make the 2N2193 equally effective in linear 
or switching applications. Examples: direct conversions of germanium transistor 
circuits, low level linear amplifiers, power stages, and computer type switching 
applications. 
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The silicon oxide is thermally grown during 
the planar diffusion process. It forms a 
passivated surface over the junction that 
provides maximum protection against con- 
tamination and degradation of characteristics 
during the entire life of the transistor. The 
thin epitaxial layer on low resistivity sub- 
strate gives negligible body drop resulting in 
extremely low saturation resistance and in- 
creased uniformity from unit to unit. 
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PEP (PLANAR EPITAXIAL PASSIVATED) TRANSISTORS 


Type No. 


Description 


Notable Advantage 





2N2193 


2N2193A 


2N2194 


2N2194A 


2N2195 


2N2195A 


Type No. 





PLANAR P 


Similar to 2N1613 
(see chart below) 


Similar to 2N1613 
(see chart below) 
Similar to 2N696 
(see chart below) 
Similar to 2N696 
(see chart below) 
General Purpose 


Industrial Type 


General Purpose 
Industrial Type 


see 
> 


I:=15 ma 





Ve (sat) (max.) 


@ Ic=150 ma | @ Ic=100 ma 


Vee (sat) =0.35 V max. 
(@ Ic=150 ma, ls=15 ma) 
Vcto= 50 V min. 

Vce (sat) =0.16 V Typ.; 0.25 V max. 
(@ tc =150 ma, Is=15 ma) 
Vcto=50 V min. 


Vce (sat)=0.35 V max. 
(@ tc=150 ma, Is=15 ma) 
Vceo = 40 V min. 

Vce (sat) =0.16 V Typ.; 0.25 V max. 
(@ lc=150 ma, Is=15 ma) 
Vcto= 40 V min. 


Vce (sat) =0.35 V max. 
(@ tc=150 ma, Is=15 ma) 
Vcto= 26 V min. 

Vee (sat) =0.16 V Typ.; 0.25 V max. 
(@ tc =150 ma, Is=15 ma) 
Vcto= 25 V min. 


ASSIVATED TRANSISTORS 


Veer (min.) 
Ico (max.) 
Ree =—10 





2N696 
2N697 
2N698 
2N699 
2N1613 
2N1711 
2N1893 





40-120* 
100-300* 
40-120* 


1.5V 
1.5V 
5V 
5V 
1.5V 
1.5V 
5V 








40V 1 pa @ 30V 
40V 1 pa @ 30V 
80V 5 mua @ 75V 
80V 2 pa @ 60V 
50V 10 mua @ 60 V 
40V 10 mua @ 60 V 
100V 10 mua @ 90 V 





* plus guaranteed minimum hee's ot several other currents 


For complete technical data on the new PEP and Planar Passivated silicon transistors, call your 
G-E Semiconductor Products District Sales Manager. Or Write Semiconductor Products Department, 
Section 161113, General Electric Company, Electronics Park, Syracuse, New York. In Canada: 
Canadian General Electric, 189 Dufferin St., Toronto, Ont. Export: International General Electric, 


159 Madison Avenue, New York 16, New York. 


STOCKED BY YOUR G-E SEMICONDUCTOR DISTRIBUTOR 


GENERAL @@ ELECTRIC 
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Telemetry Studies Pollution 


By CLETUS M. WILEY, 


Midwest Editor 


CHICAGO—Telemetering apparatus 
which, developers feel, could be ap- 
plied to large-scale oceanographic 
experiments is being used by the 
Public Health Service in a long- 
range study of Lake Michigan pol- 
lution factors. 

Basic data on water flow is re- 
corded and transmitted to shore by 
an instrumentation capsule which 
trails a string of sensors at various 
depths in the lake. 

Data will produce a mathemati- 
cal model which can predict where 
currents will carry pollutants and 
how much debris can safely be 
dumped in the lake. The $500,000 
program is aimed at bringing pollu- 
tion under control and making the 
best use of water resources in the 
Great Lakes basin. 

The lake sampling system may 
eventually be coordinated with 
Tiros weather satellites to corre- 
late cloud formations, surface wave 
patterns, temperatures and current 
data. This will improve accuracy 
of the mathematical model. 

The prototype capsule, costing 
$25,000, was designed at the Vicks- 
burg, Miss., station of the Army 
Corps of Engineers, under direction 
of Francis Hanes. If the capsule 
proves out in tests this winter, 
when ice will prevent maintenance 
by ship, 25 more systems will be 
planted in the lake. 

The capsule contains a modified 


ANTENNA BUOY 





35' 
INSTRUMENT 
CAPSULE 


5-w, 170-Mc, f-m transceiver (Mo- 
torola), a seven-channel punched 
tape recorder (Friden) and eight 
12-volt, lead-acid batteries. Weight 
is 700 pounds. Hanes says a 50-lb 
fuel cell may eventually replace the 
batteries. 

Pods containing current and di- 
rection meters and digitizers are 
suspended at depths of 40, 120 and 
200 feet (see sketch). Currents as 
sluggish as a foot a minute turn 
Savonius rotors. Contacts riding on 
printed circuits develop pulses 
which are digitized for recording. 
A magnetic compass in each pod is 
the direction reference. As the pod 
turns in the current, a disc divided 
into 3.6-degree segments is op- 
tically scanned. Counting away 
from a mirror, the number of 
pulses gives the heading. 

This information is stored on six 
tape channels. The seventh channel 
is reserved for programming. 
Every four hours, a shore station 
signal triggers the transmitter. 
Accumulated data is rerecorded on 
shore for computer analysis. The 
buoy’s receiver remains on briefly 
after each transmission, to receive 
instructions or repeat transmission. 

Planned improvements include 
increasing range from the present 
20 miles to 40 miles. A tempera- 
ture sensor will be added. 

Public Health Service reports 
that airborne pollution mapping ex- 
periments using military infrared 
gear have met with “mixed success” 
this year. Runs have been made 


CAPSULE NVA 


PODS 





Data collected by instrument capsule (left) is transmitted on command 


to shore station 


Pod parts are (from top) digitizer, 
direction sensor and rotor 


over the Missouri, Kansas and Blue 
Rivers to detect sources, types of 
wastes and flow patterns. However, 
the equipment, designed to pick up 
land details, fail to detect half- 
degree differences in water temper- 
ature, needed for PHS mapping. 

Advanced pollution mapping 
projects are also underway at the 
University of Michigan, Northwest- 
ern and Penn State. Sensing de- 
vices working with photographable 
visual displays are reported under 
development. 


NBS Establishes Radio 
Refractive Data Center 


NATIONAL BUREAU OF STANDARDS 
has established a Radio Refractive 
Index Data Center at its Boulder, 
Colo., Laboratories to assist studies 
of radio propagation in the earth’s 
atmosphere. Data is made avail- 
able to scientific, government and 
industrial groups, NBS says. 

Data on meteorological parame- 
ters affecting refractivity is sent to 
Boulder by more than 300 weather 
stations and ships around the world. 
More than seven million punched 
cards recording data have been pre- 
pared to date. The center can com- 
pute index profiles for certain areas 
or make card sets available. 
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Missile Technique May Control Air Traffic 


ADAPTATION of missile battery air 
defense coordination systems to 
civil air traffic control has been pro- 
posed to the Federal Aviation 
Agency by the Martin Co. Martin 
says digital data links like those in 
its AN/FSG-5 (Birdie) system 
could transfer radar handoff data 
between Air Route Traffic Control 
Centers (ARTCC) and their air- 
port towers. 

Transmission rate with a modi- 
fied version would be 750 bits a sec- 
ond using pulse code modulation 
techniques and standard commer- 
cial private line circuits. Major 
system components would include 
special purpose computers, modu- 
lators and demodulators, telephone 
line switching gear and a master 
synchronizer. 

Transmitters and receivers 
would use registers to store mes- 
sages prior to encoding, transmis- 
sion or display. Receivers would ac- 
cept only data addressed to that 
tower. The ARTCC receiver would 
also transfer handoff messages to 
the proper tower. 

Each _ pulse-code data frame 
would consist of three groups of 
three subframes each, with interro- 
gation signals between each group. 
Each frame transmits up to six sets 
of handoff data from the center to 
the towers and three sets of data 
between towers. Subframes consist 
of x and y coordinates of the radar 
handoff flight and a group of 15 
auxiliary bits for other flight infor- 
mation. 

Handoff symbols would be dis- 
played on tower radar screens. For 
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Simplified functional diagram of data link and radar handoff display 


secan-converted displays, symbols 
would be produced by a marker gen- 
erator of the type being developed 
for FAA by Hazeltine. Handoff 
data is converted to tv form and 
mixed with the video from the 
readout circuits of the scan con- 
verter. The marker’ generator 
would use dot matrices for charac- 
ter generation. 

In ppi displays, symbols would be 
interlaced with radar signals. This 
technique of periodically inserting 
a character display in a radar dis- 
play is used in a number of mili- 
tary systems. 

Buffer-stored digital x and y po- 
sition data establishing location of 
the handoff symbols are converted 
to d-c voltages which position the 
crt beam. Address information se- 
lects from a symbol generator the 
symbols to be displayed. Symbol 
generator video signals modulate 
the ppi beam as it traverses the 
symbol raster. 

Martin recommends a monoscope 
symbol generator for ppi displays. 
As the electron beam scans carbon 
ink characters on an aluminum 
plate, variations in secondary emis- 
sion produce modulating signals. 

No modification of ASR-1 or 
ASR-4 radars would be needed. 


ASR-2 and ASR-3 radars would 
have to be fitted with resolved 
sweep, fixed-yoke deflection instead 
of rotating yokes. 

A report on the study made by 
Martin for FAA was presented at 
the Air Traffic Control Associa- 
tion’s recent convention in Miami 
Beach, by George F. Romano. Ro- 
mano pointed out that other com- 
panies have come up with similar 
concepts. 


Three Universities Get 
Nuclear Research Gear 


AMONG RECENT National Science 
Foundation grants for nuclear re- 
search are three which will under- 
write purchase of particle ac- 
celerators at Michigan State, Penn- 
sylvania and Ohio State Uni- 
versities. 

Michigan got $700,000 for a 50- 
mev sector-focused cyclotron with 
a new system for extracting par- 
ticles in a thin beam. It also has a 
$400,000 grant for a new computer. 

Penn is getting $1.6- million for 
a 12-mev tandem accelerator. Ohio 
has purchased a 5.5-mev machine 
from High Voltage Engineering. 
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Battery of two-transport recorders at FAA center in Oberlin, Ohio 
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Investigator at playback console 


Interlaced Heads Double Recording Density 


MAGNETIC TAPE storage require- 
ments at Federal Aviation Agency 
traffic control centers have been cut 
in half by a high-density recording 
system developed for FAA by Web- 
cor. The centers must store for 30 
days all low-frequency data. 

Tape capacity was increased in 
the width (14 in.) by recording 22 
channels, and in the length by re- 
ducing speed to 15/16 ips and re- 
cording at higher density. Each re- 
corder has two transports with a 
16-hour tape supply, enabling them 
to record 32 hours unattended. 

Each of the 22 amplifiers can sup- 
ply identical audio signals to both 
transports simultaneously, through 
circuits which split the signals to 
the grids of each half of a single 
tube. Transports are linked by mon- 
itoring, failure control and auto- 
matic transfer circuits. If a tape 
should break or stop, transfer from 
the first to second transport is in- 
stantaneous. 
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Companion playback equipment 
will playback any three channels 
simultaneously. Maximum variation 
in signal strength is 3 db over a 
dynamic range of more than 35 db. 


Magnetic Head Design 


Crosstalk and other problems 
created by closeness of recording 
channels and slow speed were re- 
solved by record and_ playback 
heads recently developed for this 
type of application by Brush Instru- 
ments, a division of Clevite Corp. 

The heads are built with two 
cartridges, with interlaced chan- 
nels, mounted on an H-block. Brush 
says this design nearly doubles the 


number of channels which can be 
recorded on a tape while avoiding 
crosstalk. 

Interlacing allows more shield- 
ing. Although energy produced at 
15/16 ips is only about 200 xzv, 
wider track width and increased 
winding permitted by interlacing 
gives a high signal-to-noise ratio, 
Brush says. Track width is 0.044 
in. and track spacing is 0.0624 in. 

At 15/16 ips, the upper frequency 
recorded, 3 Ke, represents a wave- 
length of less than 0.0003 in. com- 
pared to 0.0005 in. for most in- 
strumentation recorders. The slow- 
speed heads use a gap of 0.0001 in. 
to obtain high resolution. 


German Tv Tricks of the Trade 


THIS YEAR’S CROP of German tv re- 
ceiver circuits include three appar- 
ently novel solutions to fine tuning, 
turnoff spot and warmup hum prob- 
lems. 

Grundig’s method for fine tuning 
is shown in Fig. A. The local oscil- 
lator uses a premagnetized ferrite- 
cored coil connected in parallel with 
the oscillator coil. The inductance 
of the second coil depends on the 
magnetization of the ferrite which 
in turn is controlled by the current 
flowing through the coil. 

The bright spot that remains on 
the crt for a few moments when the 
set has been turned off is removed 
by the Telefunken circuit seen in 
Fig. B. Brightness control is con- 


nected in series with a triode. When 
the set is operating, the triode con- 
ducts and has a low internal resist- 
ance. When the set is turned off, 
the R-C combination in the triode 
grid circuit differentiates the 
switching transient and causes a 
negative pulse to be applied to the 
triode. This cuts off the triode and 
the voltage at the crt control grid 
becomes positive thus causing a 
large current flow to discharge the 
ert anode. 

Some tv sets are bothered by hum 
in the sound channel during the 
few moments of warm up after 
being switched on. Loewe Opta uses 
the build-up transient of the line 
deflection circuit to mute the output 
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audio stage during this time. 

The circuit, shown in Fig. C, uses 
the build-up transient of line multi- 
vibrator V, to charge capacitor C, 
to about —10 v to —15 v. This volt- 
age is used to cut off first audio am- 
plifier V.. The negative voltage is 
discharged through the long time 
constant in the control grid so that 
the output stage has its normal op- 
erating bias after 30 seconds. 

By this time, the line multivibra- 
tor is operating normally and its 
output pulses (on this muting line) 
are bypassed to ground through C.. 
Switching the set off causes a posi- 
tive voltage pulse to appear across 
C,. R, is high to prevent rapid 
buildup of positive voltage. The 
positive voltage at the grid is de- 
layed until anode voltage is zero. 
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Circuits used by Grundig to fine 
tune (A), by Telefunken to erase 
turn-off spot (B) and by Loewe 
Opta to prevent warmup hum (C) 
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Itek 


Crystal Filters 
do Wonderful 








Itek Crystal Filter Model 4150A combines notch rejection and 
bandpass characteristics in a single rugged filter, tunes out ground 
return while passing a doppler-shifted radar signal. The double function 
reduces componentry, improves reliability, and demonstrates the 
unique and wonderful possibilities of Itek Crystal Filters. 


Perhaps you don’t need a notch-bandpass 
crystal filter. But could you use the ingenuity 
that built one? Could Itek technical leadership 
help you? 


Of course, the world’s largest and most com- 
plete selection of stock filters is available, too. 
Choose from more than 3,000 Itek-Hermes 
designs. 
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xe Write for free Brochure “WEESKACFAACP?” or, What Every Engineer 
qd Should Know About Crystal Filters At A Cocktail Party. You'll enjoy it. 


Itek Electro-Products Company 
75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASS. A DIVISION OF Itek 
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How do you talk to a man to sell him something when he can be working in any or 
all of the areas of research, design, production ahd management in the dynamic elec- 
tronics industry? Obviously you can’t follow him unless he keeps in touch with you. That’s 
exactly what electronics’ 52.721 subscribers do. They PAY to read electronics because they 
want and need it in their work. As they progress they voluntarily contact us week in and 
week out...more than 61,721 changes in titles, addresses, etc. during 1960...and that’s 
where electronics’ membership in the Audit Bureau of Circulation—where subscribers 
actually pay—reaps dividends for the advertiser. 

Illustrated below are major steps in the career of Mr. Dorman D. Israel, a charter 
subscriber to electronics. Mr. Israel has paid approximately $160.00 to receive electronics 
since it was established in April, 1930. Mr. Israel estimates that he spends between 60 
and 100 hours a year studying the pages of the publication. (The average subscriber 


he paid to read electronics 


As chief engineer 


Mr. Dorman D. Israel 
as radio design 
engineer 
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currently spends 5 hours 25 minutes every month.) Mr. Israel has obviously invested a 
considerable amount of time as well as his money in electronics over the past 31 years. 

Only paid circulation has the drawing power to keep track of key people in America’s 
most dynamic growth industry. Only electronics reaches so deep into the industry. And 
only electronics reaches all four major buying influences in the industry — engineers in 
research, design, production and management, working in any or all four areas. Place 
your advertising alongside editorial material for which the buyer has demonstrated a 
need...in ABC publications such as electronics. 


As Executive Vice President 


Emerson Radio & Ph 
wus, = Corporation onograph 
: @ A McGraw-Hill Publication, 330 West 42nd Street, New York 36, N.Y. 


all the way to the top 


As vice president in 
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NOW for Subminiature Applications, too. - 
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One month ago 


you saw this circuit 
standardized with eight 
2N2084’s in T0-33 en- 
velopes. Now AMPEREX 
offers the same oppor- 
tunity for standardiz- 
ing and cutting costs 
with a subminiature 
transistor in a 4-lead, 
10-18 envelope. 
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Amperex’announces the new 2N987 


a Subminiature Universal Communications Transistor 
in a T0-18 envelope, available in production quantities 





TYPE 2N987 
SPECIFICATIONS AND FEATURES 
Gain Bandwidth Product 
> Typical Beta. 

Breakdown Voltage ............... BVcso = 40V 

Typical Power Gain 14db (at 100mc) 
27db (at 30mc) 

Output Capacitance Cop= 2uut 
TO-18, 4 lead 


for complete data and ap- 
plications information on 
universal communications 
transistors in both TO-18 
and TO-33 envelopes. 


AMPEREX ELECTRONIC CORPORATION 
230 Duffy Ave., Hicksville, Long Isiand, N.Y. 
in Canada: 

Philips Electronics Industries, Ltd., Tube, Semi- 
conductor & Component Depts., 116 Vanderhoof 
Ave., Toronto 17, Ontario 
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and priced for universal acceptance 


The new 2N987 employs the identical approach used in the development of the 
AMPEREX 2N2084. This revolutionary approach combining the best features—high 
voltage, high beta and high frequency—of many specialized front end and IF types, 
results in a new PADT germanium-alloy-mesa subminiature transistor that provides a 
distinct competitive edge to the designer of HF and VHF pocket paging systems, air- 
borne, mobile communications and other miniaturized equipment. 


Cuts costs 5 ways: 


AMPEREX advanced design — plus the high yields characteristic of the PADT process 

— now provides to the manufacturer of miniaturized industrial equipment a single 

communications transistor with an unrivaled combination of application flexibility, 

high quality and low price. The long-sought degree of universality offered by the 

new AMPEREX 2N987 results in — 

1. Lower procurement costs: only one type to order —with a better price break through volume 
purchasing. 


2. Lower designing costs: only one type to specify — because of the wide range of desirable char- 
acteristics. 


3. Lower inventory costs: only one type to stock—simplifies inventory control and disbursement. 


Jt’s as simple as that! 





Consoles include patrol zone maps. Lights on map indicate availability of 


each of 80 patrol cars in the zone 


System Blends Radio, Telephone 


CHICAGO—Crossbanding and_ ex- 
ploitation of telephone exchanges as 
radio patrol zones enable Chicago’s 
new police communications system 
to transmit a call for help to a 
patrol car within 10 seconds. The 
system serves more than 1,400 ve- 
hicles in an area of 224 sq mi. 

Doubling up on uhf and vhf re- 
placed four former police channels 
with a new array of 22 frequencies, 
half in the 453-Mc range, half in 
the 158-Mc range. 

Vehicle antennas are }-wave for 
receiving, |-wave for transmitting. 
Intermodulation between some ad- 
jacent bands is minimized by a 
squelch line set so patrol receivers 
won’t pass a signal unless they are 
tripped by a coded tone. 

Integrating telephone exchanges 
as radio patrol zones speeds toll- 
free incoming calls directly to one 
of three communications center con- 
soles assigned each zone. Switch- 
board screening is bypassed. There 
are 36 special consoles to take zone 
calls, coordinate message traflic, an- 
swer overflow calls and monitor the 
system. One console links Chicago 
with suburban and state police. 

Motorola, the prime contractor, 
worked with Illinois Bell on the 
telephone net switching system. 
Among developments were a three- 
stage, transistor compressor ampli- 
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fier which adds 50 db of gain to a 
dynamic microphone feeding into 
consoles. 

Civil Defense and disaster com- 
munications provisions include 
means for’ shifting operations 
to any of 11 alternate base stations 
with standby storage battery power. 
tedundancy provisions extend from 
standby base stations at each of the 
eight city zones, through three city- 
wide channels. 

The system cost $2. million. 
Motorola’s share, $1.4 million, in- 
cluded 885 transistor mobile units 
and conversion kits for 604 pre- 
viously in use. Automatic Electric 
developed a switching system to 
automate teletypes. Dictaphone sup- 
plied 13 five-channel recorders. 


City-wide consoles coordinate police 
action in several zones 
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CALIFORNIA 
R. V. WEATHERFORD COMPANY 
Glendale 1, Calif. 
BRILL SEMICONDUCTOR CORP. 
Oakland 6, Calif. 
ELMAR ELECTRONICS INC. 
Oakland 7, Calif. 
COLORADO 
INTERSTATE RADIO & SUPPLY 
Denver 4, Colorado 
CONNECTICUT 
RADIO SHACK CORP. 
Stamford, Conn. 
W. Hartford, Conn. 
New Haven 10, Conn. 
DISTRICT OF COLUMBIA 
ELECTRONIC WHOLESALERS, INC, 
Weshington 1, D. C. 
FLORIDA 
THUROW ELECTRONICS, INC. 
Cocoa, Fla. * Jacksonville, Fla. 
Miami, Fla. ¢ Orlando, Fla. 
Pensacola, Fla. * Tampa, Fla. 
ILLINOIS 
NEWARK ELECTRONICS CORP. 
Chicago, Ill. 
INDIANA 
RADIO DISTRIBUTING COMPANY 
Indianapolis 6, Indiana 
MASSACHUSETTS 
RADIO SHACK CORP. 
Boston, Mass. 
MICHIGAN 
RADIO SPECIALTIES COMPANY 
Detroit, Michigan 
MISSOURI 
INTERSTATE INDUSTRIAL ELECTRONICS 
St. Lovis 32, Missouri 
BURSTEIN-APPLEBEE COMPANY 
Kansas City, Missouri 
NEW YORK 


MILO ELECTRONICS 
New York, N. Y. 


ROME ELECTRONICS 
Rome, N. Y. 
OHIO 
UNITED RADIO, INC. 
Cincinnati, Ohio 
OREGON 
UNITED RADIO SUPPLY, INC. 
Portland 9, Oregon 
PENNSYLVANIA 
RADIO ELECTRIC SERVICE CO. 
Philadelphia, Pa. 
TEXAS 
ADLETA COMPANY 
Dallas 1, Texas 
Fort Worth, Texas 
BUSACKER ELECTRONIC 
EQUIPMENT CO., INC, 
Houston 19, Texas 
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NEW 
UA-200 


THE VERSATILE 


FOR INDUSTRY 
WITH 
INTERCHANGEA 
CUTTING HEADS 


B-5 Cutter 
Standard edge 
diagonal cutting head 


SHOWN 
FULL SIZE 


This latest and most versatile addition to the Utica line of production 
tools is available with four optional, interchangeable cutting heads. 
Each head is designed for a specific cutting purpose and all have 
electronically induction hardened jaws. The air cylinder is lightweight, 
shock-resistant Delrin plastic and the UA-200 is easily operated with 
a long trigger that fits either hand. And the UA-200 is four times 
more powerful. Maximum cutting speed with minimum operator 
fatigue assures higher production in almost any cutting operation. 
Each UA-200 is equipped with an 8 ft. air hose and your choice of 
one cutting head. Write for complete information. 


OPTIONAL HEADS FOR VARIED USES 


aot 


B-6 Cutter B-7 Cutter B-8 Cutter 
Hairline flush edge Cutter-crimper head Diagonal cutting head 


diagonal cutter head for printed circuits for plastics only 


UTICA 


UTICA TOOLS @ DIVISION OF KELSEY-HAYES COMPANY, UTICA 4, NEW YORK 
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MEETINGS AHEAD 





COMPUTER Conference, Eastern Joint, 
PGEC of IRE, AIEE, ACM; Sheraton- 
Park Hotel, Wash., D.C., Dee. 12-14. 


RELIABILITY AND QUALITY CONTROL, 
8th National Symposium, PGRQC of 
IRE, AIEE, ASQC, EIA; Statler Hil- 
ton Hotel, Wash., D.C., Jan. 9-11, 1962. 


OPTICAL CHARACTER RECOGNITION Sym- 
posium, National Bureau of Stand- 
ards; Department of the Interior Aud., 
Washington, D.C., January 15-17, 1962. 


ELECTRICAL ENGINEERING Exposition 
for _electrical-electronics industry, 
AIEE; New York Colisium, N.Y.C., 
January 29-February 2, 1962. 


REDUNDANCY TECHNIQUES FOR COM- 
PUTING SYSTEMS, Information Systems 
Branch of Office of Naval Research; 
Department of Interior Aud., Wash- 
ington, D.C., February 6-7, 1962. 


MILITARY ELECTRONICS, 3rd Winter 
Convention PGMIL of IRE (L.A. Sec- 
tion); Ambassador Hotel, Los An- 
geles, Calif., Feb. 7-9, 1962. 


SOLID STATE CIRCUITS, International 
Conference, PGCT of IRE, AIEE; 
Sheraton Hotel and U. of Penn., Phila- 
delphia, Pa., Feb. 14-16, 1962. 


APPLICATION OF SWITCHING THEORY TO 
SPACE TECHNOLOGY Symposium, USAF, 
Lockheed Missiles & Space; at Lock- 
heed, Sunnyvale, Calif., Feb. 27-Mar. 
1962. 


SCINTILLATION AND SEMICONDUCTOR 
Counter Symp, PGNS of IRE, AIEE, 
AEC, NBS; Shoreham Hotel, Wash- 
ington D.C. Mar 1-3, 1962. 


MISSILES & ROCKET TESTING Sym- 
posium, Armed Forces Communica- 
tions and Electronics Association; 
Cocoa Beach, Fla., March 6-8, 1962. 


IRE Internatienal Convention, Coli- 
seum & Waldorf Astoria Hotel, New 
York City, Mar. 26-29, 1962. 


QUALITY CONTROL Clinic, Rochester 
Soc. for Quality Control; Univer of 
Rochester, Rochester, N. Y., March 27, 
1962. 


ENGINEERING ASPECTS OF MAGNETO- 
HYDRODYNAMICS, AIEE, IAS, IRE, 
Univ of Rochester; Univ of Rochester, 
Rochester, N. Y., March 28-29, 1962. 


SOUTHWEST IRE CONFERENCE AND 
sHOW; Rice Hotel, Houston, Texas, 
April 11-13, 1962. 


HUMAN FACTORS in_ Electronics, 
PGHFE of IRE; Los Angeles, Calif., 
May 3-4, 1962. 


JOINT COMPUTER CONFERENCE, PGEC 
of IRE, AIEE, ACM; Fairmont Hotel 
San Francisco, Calif., May 1-3, 1962. 


ELECTRONIC COMPONENTS CONFERENCE, 
PGCP of IRE, AIEE, EIA; Marriott 
Twin Bridges Hotel, Washington, 
D. C., May 8-10, 1962. 
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Quality is a quantity of built-in values 


If you measure electrical connector quality as we do— 
that is, by adding up ALL of the extras—we talk the same 
language. We believe you can’t stint in even the smallest 
detail and come up with dependable quality. 

Electrical connectors are vital components. They can 
affect the operation of the simplest power line... or the 
success of a million-dollar missile shot, a submarine trip 
under the polar ice cap, or a Mach 3 aircraft test. That's 
why Bendix builds the utmost quality into electrical 
connectors. In our book, there’s no place for the smallest 
deviation in quality. To achieve closest quality control, 


we maintain one of the highest ratios of inspectors-to- 
production-workers in the industry. 

Ask our customers about us. We’re sure they will tell 
you that no one in the industry produces higher quality 
than does Scintilla Division. That’s why Bendix® Electrical 
Connectors are most often selected for the most de- 
manding jobs. 

Integrity. Ability. Experience. Acceptance. They add up 
to a complete ‘‘package’”’ of built-in quality values we 
think you will appreciate. And, this superior ‘‘package”’ 
is competitively priced. If you want to know more about 
our quality in quantity, call us at Sidney, N.Y. 


Scintilla Division 


Canadian Affiliate: Aviation Electric, Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 
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FOR YOUR MAGNETIC SHIELDING PROBLEMS... 


VIUMETAL 


IS THE ANSWERII!I! 


Instant relief to interference caused by ex- 
traneous magnetic fields is the net result 
of shields made of Allegheny Ludlum’s 
Mumetal. These shields protect components 
against stray external fields or prevent 
neighboring parts from being affected by a 
field-generating component inside the shield. 
In electronics, Mumetal and shielding are 
practically synonymous terms. 

To develop its optimum shielding proper- 
ties, Mumetal must be properly annealed in 
a pure, dry, high temperature hydrogen at- 
mosphere after fabrication. When properly 
annealed, Mumetal has extremely high per- 
meability and is capable of attenuating stray 
fields to negligible proportions. 

In general, high permeability, shielding 
excellence and strain sensitivity go hand in 
hand. In the optimum condition, Mumetal 
is relatively soft. Shields in this condition 


should be handled with care in order to pre- 
serve high permeability and optimum shield- 
ing efficiency. 

In many applications, fabricating or field 
conditions are encountered which make it im- 
possible to avoid straining the material after 
the high temperature hydrogen anneal. Even 
when strained, Mumetal shields remain effec- 
tive, with just a small loss of permeability. 

The inherent ductility of Mumetal offers 
fabricating advantages in forming, drawing, 
and spinning operations. 

For all your shielding requirements, insist 
on Allegheny Ludlum Mumetal. And for 
more information, ask for a copy of EM12, 
a 20 page technical Blue Sheet describing 
Mumetal, its properties, annealing details, 
etc. Write Allegheny Ludlum Steel Corpo- 
ration, Oliver Bldg., Pittsburgh 22, Pa., 
Address Dept. E-12. 


Speco LUDLUM 


PIONEERING ON THE HORIZONS OF STEEL 
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IOMC FREQUENCY 


COUNTER/STANDARD 
A NEW CONCEPT 
IN PRECISION MEASURING 


The Model 14-20C 10MC Frequency Counter/Standard 
combines the features of a precision counter and a high 
stability frequency standard into an advanced design 
unit. Specifications are as follows: 

e Simultaneous and independent use of both frequency 
standard and counter. 

e Stability of 1x10° per day and 5x10* per week as 
calibrated against the primary time-standard “Atom- 
ichron” — 2x10" 

Nine standard decade output frequency steps of 
0.lcps to 10mc provided by frequency synthesizer. 
Gate time from 1 millisecond to 100 secon 
Counts any one of nine decade frequencies from 
0.leps to 10mc for period and time interval 
measurements. 
Self checks counting and gate circuits at any of 
these frequencies in all combinations of available 
gate times. 
Operates within all ratings over a temperature range 
of —20° C to +55° C, and humidities up to 95%. 
Operates from an external 100KC or lmc reference 
frequency. 

Other features include: 

Frequency range 10cps— Input power 115/230v, 
10.1mc 50-60 cps (400 cps opt.) 


Period DC— 100KC 
In-line readout 8 place PRICE $2,200 


NORTHEASTER 





ENGINEERING INCORPORATED 


DEPT. 1C, MANCHESTER, NEW HAMPSHIRE 
AFFILIATE OF ATLANTIC RESEARCH CORP. 
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Available for the first time! 
AN ENTIRELY NEW CONCEPT IN 


CONDUCTIVE 
PLASTICS 


Possessing all the conductive properties of expensive 
Silver-filled plastics while costing substantially less, this 
new series developed by Chomerics Inc. has excellent heat 
stability and resistivity of less than 0.01 ohm-cm. They 
are non-settling and are consistent in batch-to-batch uni- 
formity. These conductive plastics are offered in a wide 
variety of formulations to meet your requirements. 


$17 .°for a ONE POUND INTRODUCTORY KIT 


Supplied as either hot-melt or epoxy. 


CONDUCTIVE For soldering printed circuit component 
(THERMOPLASTIC) leads, prototype construction, assembly of 
HOT-MELT grounded aluminum truck bodies, electro- 
luminescent panel construction. 





CONDUCTIVE For free style leads and circuitry, connec- 
(THERMOSETTING) tions on tantalum-slug capacitors, lab re- 
EPOXY pairs, conductive encapsulations. 


Write today for your introductory kit and prices 
on commercial quantities. State any unusual re- 
quirements you may have — we welcome difficult 
problems. When ordering specify your choice of 
either hot-melt or epoxy. 


Chomerics, inc. 


PLASTIC SYSTEMS FOR ELECTRONICS 
TEL.: UNiversity 4-5104 
343 VASSAR STREET . CAMBRIDGE 39, MASS. 
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PINPOINT PRECISION 


THROUGHOUT LARGE VOLUME 


20° x 20" = 25° 
LOWER GRADIENTS: 


+1° C. over large 
portion of test volume 
RANGE: 
—100° F. to +600° F. 


CONTROL ACCURACY: 
+ %° F. 


HEATING TIME from 70°: 
13 minutes to 350° F. 
28 minutes to 500° F. 


COOLING TIME from 70°: 


6 minutes to —65° F. 
9 minutes to —100° F, 


Call Delta representative 
or write direct 
for specifications 


MODEL 1060B 
Temperature Chamber 
Cabinet Optional 








3163 ADAMS AVE. 
ATWATER 3-3193 « 


SAN DIEGO 16, CALIFORNIA 
CABLE: DELTA e TWX: SD 6488-U 
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Use Low Cost Allen-Bradley Type J Pots 


for Constant Impedance Attenuators 
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Reproduction of actual 
machine plot of A-B 600 


Type JJ 
Actual Size 


ohm Bridged T attenu- 
ator, showing the uni- 


form attenuation and 
constant characteristic 
impedance obtainable 
with A-B Type J variable 
resistors. 


Type JJJ 
Size 


40 


The 

ideal answer 
for L, T, Bri 
and Bridged H 
attenuators. 


50 60 


PERCENT EFFECTIVE ROTATION 


Allen-Bradley dual and triple Type J variable 
resistors are widely used in attenuators in elec- 
tronic circuitry because they provide dependably 
smooth and uniform attenuation plus constant 
characteristic impedance. 

Stability, high wattage, long life, ideal uni- 
formity, plus remarkable compact structure are 
combined in the Type J to assure top perform- 
ance. The solid resistance element — made by 
A-B’s exclusive hot molding process— provides 
smooth control at all times. 


With this precise control over the resistance- 
rotation characteristics during production, A-B 
attenuators have a consistently uniform attenua- 
tion that approaches calibration accuracy . . . 
and the characteristic impedance can be held to 
+10% over entire rotation—end to end. The 
virtually infinite resolution eliminates the defi- 
nite incremental steps of wire-wound units, while 
freedom from inductance insures excellent high 
frequency response. For full details on Type J 
variable resistors, send for Publication 6024. 


Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wis. - In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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ATTENUATION IN DECIBELS 
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10mV - 10V 
at frequencies 
to 800 Mc/s 





B48 * few 0008 07 75 ¥ 


Internal calibration 


It should be noted that all Philips electronic volte 
meters contain calibration standards which enable 
the user easily and rapidly to check, and, if 
necessary, to re-calibrate his voltmeter at any time 


without the use of additional instruments. 


‘ od fell f Li ha electronic measuring 


Sold and serviced by Philips Organizations all over the world 

Further information will gladly be supplied by: 

N.V. Philips’ Gloeilampenfabrieken, EMA-Department, Eindhoven, the Netherlands 
For Canada: Philips Electronics Ind. Ltd., 116 Vanderhoof Ave., Toronto 17, Ont, 
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VHF voltmeter, 
type GM 6025 


quency range 

Mc's - 800 Mc/s flat from | Mc/s - 300 Mc/s (see groph) 
dB at 0.1 Mc's 

dB at 800 Mcs 


asuring range 
mV (f.s.d.) - 10 V divided into 7 ranges in a 1-3-10 sequence, 


uracy 
e overall accuracy is better than 599 with respect to full scale, 


ut impedance 

ut capacitance: | upF 

ut resistance at | Mcs 65 kQ | LULU | mee Gee aenee mee 
100 Mc's 50 kQ 0.1 i er 2 100 1000 
200 Mc/s 35 kQ ee 

ear scale Response curve with T-connector, type GM 6050T 

banks to voltage-dependent feed-back the scale is linear. It is 

brated directly in the r.m.s. value of the VHF voltage and has an 

ctive length of 5”. 


other voltmeters from our range 
libration voltages / 


e frontpanel contains a calibration socket which for any setting type GM 6012 
the range selector provides the appropriate calibration voltage 2 c/s - 1 Mc/s / 
h : 

glee 1 mV (f.s.d.) - 300 V / 
placement of the probe crystal é 
e probe crystal can be easily replaced and the instrument rapidly type GM 6014 / 
calibrated by the user. 

1 ke/s - 30 Mc/s 


axial T-connector % 1 mV (f.s.d.) - 30 V 


measurements on 50Q-coaxial lines the T-connector, type GM : # 


BOT can be ordered separately. . 
type GM 6020 # 


D.C. Ps 


100 pV (f.s.d.) - 1000 V 


f 
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COMMUTATION SWITCH 


ACTUAL SIZE 
Plate dia. only 13/4” 


. . . but 134” plate diameter and 50% space savings* in a 180-channel switch are 
only the start of the story. This new electromechanical switch also gives the other 
advantages that have made MYCALEX® units the industry standard. Noise level 
of less than 1 millivolt when switching 5 volts into a 150-ohm load. Up-to-a 1000 7) ARS d 
megohm resistance between rectangular contacts. Speeds as high as 1800 RPM. >» %, AW a 
Metal-to-metal wiping action that prevents graphite build-up. Super-hard, gold- TTT 
plated contacts. SUPRAMICA® 555 ceramoplastic plate that withstands operating 
temperatures to 650° F., has total dimensional stability, locks contacts in place. 
Plus nylon-brush mountings of new design that eliminate bounce and deliver sharp, 
clean signal edges. 
Whether you're looking for commutation plates or complete switches, it'll pay 
you to investigate both of these compact, new components which give 
you an additional degree of design latitude. (For example, other MYCALEX 
switches offer up to 540 contacts on a 3”-diameter plate.) Write today for our new, 
comprehensive technical bulletin. 


*When compared with conventional Inter-Range Instrumentation Group Telemetering Switches. 


~ 


AALEXe 
Meieiea aaa 
General Offices and Plant: 120 Clifton Boulevard, Clifton, N. J. 


Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. MYCALEX 


ELECTRONICS CORPORATION 
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SOLID-STATE 
® PRINTER 

WITH 

NEW 

CAPABILITIES 


With this solid-state 7 to 12 digit printer, you can 
feed in 4-line BCD data in either a 1-2-2-4, 1-2-4-8, 
or 1-2-4-2 code configuration without changing com- 
ponents or interrupting operation. 
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Each digit-column of this parallel-entry printer is 
controlled by a separate solid-state plug-in code 
module connected independently to the data source. 
Thus, you can easily pre-arrange digit-columns in 
any order and into specific groups. Using optional 
plug-in code modules —which can be interchanged 
or combined with standard modules—you can apply 
10-line and 4-line BCD data simultaneously. 
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The Model 1453 can automatically print in black or 
red to indicate different input sources or off-limit 
readings. Reliable solid-state circuits and time-proven 
Burroughs printing mechanism assure you of trouble- 
free operation. 


If you can only spare about 8” x 8” of panel space 
for a completely self-contained printer, then the 
compact half-rack Model 1453 is the answer. 


Standard 7 digit printer is only $975. For complete 
information write for Brochure A1453. 





| Beckman‘® INSTRUMENTS INC. 


BERKELEY DIVISION 
RICHMOND. CALIFORNIA 
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Check these 


CLARE 


Mercury-Wetted 
Relays 


against your 
design needs 


Choice of two basic switches 


SPEED TO 200 CPS LOADS TO 250 VA 


This CLARE TYPE HGS is the fastest This CLARE HG capsule will handle 


operating, most sensitive mercury- 
wetted contact relay obtainable. It 
will operate at speeds to 200 cps 
with sensitivity as low as 2.5 milli- 
watts with a contact rating of 2 
amperes, 500 volts (100va max.). 
Two permanent magnets provide: 
single-side stable and bi-stable ad- 
justments. Available with Form D 
(bridging) contacts. 


The Clare 


contact loads as high as 5 amperes, 
500 volts (250va max.). Operating 
time may be as low as 3 milliseconds. 
It is also available equipped with two 
permanent magnets (HGP TYPE) for 
single-side stable, bi-stable or chop- 
per operation. 


Mercury-Wetted 
Relay Principle 





FOR BILLIONS OF OPERATIONS 


oO 
2P00q 
PCB ASSEMBLIES 


Printed circuit board assemblies are 
available with either HGS or HG switch 
capsules to meet design specifica- 
tions. These may be designed to cus- 
tomer specifications by CLARE or 
mounted on boards supplied by the 
customer. Number of relays is lim- 
ited only by the dimensions of the 
printed circuit board, 


See your nearest CLARE representative or 

address: C. P. Clare & Co., 3101 Pratt Bivd., 

. Chicago 45, Illinois. In Canada: C. P. Clare 

NEW! Design Manual 201A Canada Ltd., 840 Caledonia Road, Toronto 19, 
Complete data on characteristics, Ontario. Cable Address: CLARELAY, 


circuitry, mountings, coil tables 

and information for ordering 

CLARE mercury-wetted contact Cc. P. CLARE 4 CO. 

wane. Relays and related contro/ components 





in full bloom...Synkote’ MULTI-CONDUCTOR CABLES 





We got a ‘‘million of "em’’...made to your design or ours! The booming Synkote® line of multi-conductor 
cables is being used for outer space, under sea, and dry land purposes. Heavy, powerful watertight 
cables. Light, strong aerial cables. Cables for telemetry, instrumentation, data tabulating and computing 


equipment. All are thoroughly tested, quality controlled, perform- 

ance proven. Myriad multi-conductor cables are only part of PLaSTO iD 
Plastoid’s growing multiplicity of cables. Write or call for detailed pamper OQ RPORATION 
information today. Our application engineers are at your Service. 42-61 24TH STAEET / LONG ISLAND CITY 1, N.Y. / ST 6-6200 
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RECENT RAYTHEON DEVELOPMENTS 
IN MICROWAVE FERRITE DEVICES 





HIGH-POWER CIRCULATOR covering 
7.05 to 8.5 kMc shown in use as an 
isolator with loads on ports 3 and 4. 


X-band circulators take 20 kW CW 
to match state of the art in tubes 


New unit tested at 20 kW continuous power; can TYPICAL SPECIFICATIONS 
be used as isolator or duplexer ee 
This high-power CXH3 circulator provides greater than 20 db Frequency Range . 7.05-8.5 kMc 


ee ‘ , Power (CW) 20kW 
of isolation over the 7.05 to 8.5 kMc band with a maximum sontetion x 20 db min. 


insertion loss of less than 0.3 db. The CKH3—developed under Insertion loss .. 0.3 db max. 
U.S. Army Signal Corps contract number DA-36-039-SC-85372 1.15 max. 
—is typical of circulators Raytheon can supply for any X-band 14.5 inches 


segment at power levels up to 25 kilowatts average and 2 mega- Flanges : UG 51/U 

Waveguide RG 51/U 

Weight: Incl. loads 19 Ibs. 

Write for technical details on this and other significant devel- Excl. loads 12.5 Ibs. 

opments in high-power microwave ferrite devices to Special Cooling . 1 gpm @ 90 psi max. 

Recommended Pressurization 10-15 psig nitrogen 
or dry air 


watts peak. 


Microwave Devices Operation, Raytheon Company, Waltham 
Industrial Park, Waltham 54, Massachusetts. 


RAYTHEON COMPANY 


SPECIAL MICROWAVE DEVICES OPERATION 
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Long experience and proven capability give Lockheed a great 
advantage: perspective on space. This results in programs 
that cover the broad spectrum of aerospace dynamics; that 
present the most far-reaching technological problems; that 
offer endless creative challenge to Scientists and Engineers; 
that give them new concepts to explore—new goals to reach. 
This far-ahead program in the concepts and vehicles of 
space creates a climate most favorable to advancement in the 
state of the art as well as in professional status. 
Scientists and Engineers with an eye to a secure and 


A panoramic 
concept 

on space... 
you find it 
at Lockheed 


rewarding future will find these openings at Lockheed worthy 
of serious consideration: Aerodynamics; thermodynamics; 
dynamics; electronic research; servosystems; electronic sys- 
tems; physics (theoretical, infrared, plasma, high energy, solid 
state, optics); electrical and electronic design; structural 
design (wing, empennage, fuselage); human engineering; 
reliability; wind tunnel design. Write today to Mr. E. W. Des 
Lauriers, Manager Professional Placement Staff, Dept. 1512, 
2408 N. Hollywood Way, Burbank, California. An equal oppor- 
tunity employer. 


L Oo Cc K Hi E E D CALIFORNIA COMPANY 


A DIVISION OF LOCKHEED CORPORATION 
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NATVAR 
TUBING 


AND 


SLEEVING 


For a Wide Range of 
Military Electronic 
and Electrical Uses. 


General Purpose Extruded Vinyl Tubing 


Natvar 244 MIL-I-631C, Type F, Form U, Grade A, 


Class II, Category 1. 





Natvar 261 MIL-I-631C, Type F, Form U, Grade A, 


Class | & Il, Category 1. 
Low Temperature Extruded Vinyl Tubing 


Natvar 361 MIL-I-631C, Type F, Form U, Grade B, 


Class | & II, Category 1. 





Natvar Products 


Varnished cambric—sheet and tape 
Varnished canvas and duck—sheet 
and tape 

Varnished silk and special rayon— 
sheet and tape 

Varnished papers—rope and kraft— 
sheet and tape 

Varnished, silicone varnished and 
silicone rubber coated Fiberglas*— 
sheet and tape 

Slot cell combinations, Aboglas® 
Teraglas® 

Isoglas® sheet and tape 

Isolastane® sheet, tape, tubing 
and sleeving 

Vinyl coated and silicone rubber 
coated Fiberglas tubing and 
sleeving 

Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 


*TM (Reg. U.S. Pat. Off.) OCF Corp 


We will be very happy to supply information 
on any of our products on request. 
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Natvar 362 MIL-I-7444B, Type I, Il & Ill, Range |, 11 & Wl, 





Natvar 363 MIL-1-22076. 





High Temperature Extruded Vinyl Tubing 


Natvar 461 MIL-I-631C, Type F, Form U, Grade C, 
Class | & Il, Category 1. U/L Approved for 


105°C Continuous Operation. 





Natvar 400 U/L Approved for 105°C Continuous Operation. 





Natvar 500 Specially Formulated for Use in Transformer Oil. 





Natvar Coated Fiberglas Sleevings 


Vinyl MIL-I-21557 (Grade A Only) and MIL-I-3190B. 





Isolastane MIL-I-3190B. 
(Polyurethane) | 





Silicone Rubber | 


MIL-I-18057A (Grade A Only). 
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ATVAR is synonymous with quality throughout the world. 
N Among the many outstanding insulations now serving the 
needs of the military and industry are Natvar extruded tubings 
and coated sleevings. 

These are made to perform in a wide range of temperatures 
from —68°C to 180°C and above. and to meet the electrical and 
mechanical requirements of applicable military and industry 
specifications. In addition, most have superior resistance to oil, 
alkali and flame; excellent flexibility, and exceptional toughness 
and ability to withstand abrasion. 

The specially compounded formulations used in Natvar ex- 
truded tubings and coated sleevings are subjected to systematic 
and rigorous quality control from raw materials to finished 
product. The name Natvar is your guarantee of quality and 
uniformity. 

Shipments of standard items can be made the same day from 
distributor's or factory stock. Samples are available on request. 


FORMERLY THE NATIONAL — PRODUCTS CORPORATION 
Telephone Cable Address 
FULTON 8-8800 RAHWAY, saat RAH 1134 NATVAR: RAHWAY, N.J. 


201 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 
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GET HIGH SPEED 
AT HIGH CURRENT 


WITH PHILCO 
MADT ECONOMY! 


2N1494, 2N1494A, 
and 2N1496 fea- 
ture 400 mw Pr in 
TO-31 case. 


2N1204, 2N1204A, 
and 2N1495 fea- 
ture 200 mw Py in 
TO-9 case. 


Vce (Sat) 
Max 
ic—400 ma 
is—25 ma 


Uitra high 
speed ees | 
2N1204, 


High Voitage 
types 

2N 1495 
2N1496 


Six Philco high current *Micro Alloy Diffused-base 
Transistors give you extra design latitude 


... for line driving 
... for memory driving 
..» for high current logic. 


All six Philco high current MADT’s—types 2N1204, 
2N1204A, 2N1494, 2N1494A, 2N1495 and 2N1496 
—give you a high capability-to-cost ratio, 
outstanding uniformity, and are 100% tested for 
freedom from avalanche . . . all benefits of Philco 
MADT automation. 


For complete information, write Dept. E12861. 


PHILCO 


LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 
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Electroluminescent elements 
are capacitive. 

Their properties 

enable them to act as 
capacitance in a delay line. 
Pulses sent down the 

line control the 

voltage distribution over 
the elements, 

thus selecting the 


regions to be excited 


electronics 
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Operator prepares to display pulse waveforms on the small square screen 


Electroluminescent Display 


Presents Nanosecond Pulses 


By R. W. WINDEBANK, 


G. V. Planer Limited, Windmill Road, 
Sunbury on Thames, England 


A NEW PRINCIPLE in flaf-screen elec- 
troluminescent displays makes pos- 
sible the presentation of short-dura- 
tion pulses using a minimum of 
electronics and in a fashion that is 
easy to interpret. In common with 
other electroluminescent displays it 
is essentially robust in construction 
and uses no moving parts or fragile 
heater elements. 

The display gives information 
about the time duration of input 
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pulses down to nanosecond widths, 
and gives the timing of these pulses 
relative to some fixed reference. A 
special form of the display can also 
be constructed to show pulse ampli- 
tude. 

The principle of the display is to 
build up the voltage at selected 
electroluminescent elements so that 
it exceeds the level necessary to 
produce illumination. Since the elec- 
troluminescent elements also double 
as the capacitive elements in a de- 
lay line, the excitation voltage is 
produced by coincidence of oppo- 
sitely travelling pulses — where 


these pulses meet they produce a 
higher voltage than either of them 
could produce alone and thus illumi- 
nate the electroluminescent ele- 
ments at that point. 

The display element, shown in 
Fig. 1 uses an electroluminescent 
panel with its phosphor-containing 
layer sandwiched between a trans- 
parent electrode deposited on a 
glass sheet, and a counterelectrode 
system consisting of a number of 
narrow separate conductive strips. 
An electric delay line formed by a 
multi-turn winding on an insulating 
tube has each of its taps connected 
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to one of the electrode strips. In this 
arrangement, the inductive wind- 
ing, with the series of discrete 
capacitances set up between the 
electrode strips and the transparent 
electrode layer, make up a conven- 
tional delay line structure. 

The pulse whose time-duration is 
to be displayed is applied simultane- 
ously to the two terminals of the 
device. The pulse inputs at each end 
of the line travel along the line at 
the predetermined rate of propaga- 
tion, and by arranging the voltage 
amplitude of each pulse input to be 
somewhat greater than half the 
voltage required to produce a suit- 
able luminescent display, the lumi- 
nescent phosphor layer is excited to 
the level of visual display beneath 
those strips upon which the two 
oppositely travelling pulses coin- 
cide. Thus, there is a visual display 
extending over part of the central 
region of the panel whose width de- 
pends on the duration of the applied 
pulse. By making the delay time of 
each section of the delay line a suit- 
able known value, say 10 nanosec- 
onds, the length of the pulse can be 
readily determined by measuring 
the length of the resultant visual 
display. 

Where pulse amplitude is to be 
measured, a modification of the 
device is used, in which the phos- 
phor layer is wedge shaped in cross- 
section to give progressively in- 
creasing separation between the 
transparent electrode layer and the 
opposing separate electrode strips 
along its length. The height of the 
luminescent column produced along 
each of the strips is then dependent 
upon the voltage of the applied 
pulses. 

A slightly different form of a 
display device is shown in Fig. 2. 
Here the delay-line is folded into 
10 series connected lengths each 
placed side-by-side in a square pat- 
tern, with connections to a multi- 
element electroluminescent panel in 
which the phosphor layer is sub- 
divided into 100 discrete sections. 
By applying pulses at each of the 
two terminals of the device and by 
controlling pulse timing, the panel 
may be scanned using only two in- 
put signals. This method compares 
favorably with existing commercial 
devices that use multi-input matrix 
principles to scan similar areas. 

A refinement of the construction 
of Fig. 2 consists of an electro- 
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FIG. 1—Pulses fed into both ends of the delay line build up voltage at their 
point of coincidence and light the electroluminescent elements at that point 


FIG. 2—A long delay-line is folded into several sections of eau length to 


make an area type display 


luminescent panel having two sets 
of electrode strips, one on each 
side of the phosphor layer, with the 
strips of one set at right angles to 
those of the other set (Fig. 3). The 
uppermost set of electrodes is pre- 
ferably transparent. The strips on 
each side are connected to tap 
points of a delay line associated 
with each of the sets, and pulses of 
opposing polarity are applied to the 
two lines. By appropriate adjust- 
ment of the timing relationship be- 
tween the applied pulses, a visual 
display may be produced at any 
chosen intersection of a strip of one 
set with a strip of the other set 
over the whole display area of the 
panel. 

In operation, if positive pulses 
of amplitude V are applied across 
one of the delay lines, and negative 
pulses of equal amplitude across the 
other, the intersection area between 
the two sets of strips will have an 
impressed potential of 4V due to 
the coincidence of the travelling 
pulses. This voltage compares with 
a voltage of 2V at certain other in- 
tersection points and a voltage of 


only V at the remaining intersec- 
tion points. By appropriate adjust- 
ment of the timing relationship 
between the input pulses, the 4V 
intersection can be caused to scan 
the entire panel. This method per- 
mits a faster pulse-rate than that 
of Fig. 2. 

Capacitance between any of the 
oppositely situated strips should be 
small compared with the capacitive 
components of the delay lines, hence 
these strips may be of the distrib- 
uted capacitance type having a com- 
mon electrode as indicated in Fig. 3. 

Characteristics of the electro- 
luminescent elements are substanti- 
ally those of conventional types, 
except that the resistance of the 
transparent electrode should be 
lower than usual, that is, about 10 
ohms per sq as opposed to the usual 
value of 100-200 ohms per sq. To 
achieve this lower resistance the 
electrodes are applied by spraying 
a tin chloride solution onto the 
glass base and by using a small per- 
centage of doping agent in alco- 
holic solution. The material is 
treated to form the oxide at 600 C. 
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FIG. 3—Matrix type control enables 
square panel than folded line permits 


The phosphor layer is a zinc sul- 
phide dispersion in an _ organic 
binder. 

Experimental models of the basic 
display, Fig. 1, had 50 discrete 
phosphor sections each 4 inch wide. 
Synchronized pulses applied to both 
ends of the delay line caused one 
section of the display to light up for 
every 10 nanoseconds of applied 
pulse. When using synchronized 50- 
nanosecond pulses instead of 10-ns 
ones, 5 consecutive sections were 
lit up at the center of the panel. 
On introducing a delay in either 
pulse, the luminous region could be 
displaced to the left or right of 
center. 

The 100-section folded-line panel 
in Fig. 2, was scanned by con- 
tinuously varying the delay in both 
applied pulses. A 2-second scan was 
used and pulse heights were be- 
tween 300 and 1,000 V, with pulse 
lengths between 20 and 500 nano- 
seconds. The pulse repetition fre- 
quencies were varied from 10 to 
1,000 eps. 

Pulses of the rate of 1 to 10,000 
cps could be used, while the trans- 
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higher pulse rates to be used with 


mission line could be designed for 
1 to 10-ns pulses. 

The resolution obtained in the 
laboratory models was _ approxi- 
mately 2 percent; that is, a ratio of 
line length to pulse length of 50:1. 
With improvements in phosphor 
and delay line characteristics this 
ratio can no doubt be increased. 

With the techniques established 
so far, it would be possible to pro- 
duce a rectangular display using X 
and Y delay lines each divided into 
50 sections, to give 2,500 individual 
points. Any point could be illumi- 
nated by using two pulses of 20 
nanosecond duration, each having 
amplitudes of 300 to 500 V and a 
pulse repetition frequency of 10 cps 
or more. Increase in the pulse repe- 
tition frequency would increase the 
brilliance and the scan rates. 

An interesting future develop- 
ment would be to extend the system 
shown in Fig. 2 by employing a 
delay line of sinuous or raster-like 
form, disposed over the underside 
of the panel. With this type of con- 
struction, the delay line is prefer- 
ably made up of a single conductor, 


rather than a helically coiled con- 
ductor, and may be formed by nor- 
mal electrodeposition methods. To 
obtain the correct inductance value 
for the line, magnetic loading with 
ferrite may be used. Similarly, the 
capacitive value could be adjusted 
to a suitable order by using a di- 
electric, with these magnetic and 
capacitive modifying materials ap- 
plied in layer form. 

Such a panel might be used to 
give a television-type display of 
either a simple pulse input or of a 
complex video waveform. In the lat- 
ter case, the video signal would be 
applied to one end of the delay line 
structure and a single exploring 
pulse of short duration to the oppo- 
site end. If the electrical length of 
the line were equal to half the time 
duration of the complex waveform 
and the short exploring pulse ap- 
plied to one end just when the lead- 
ing edge of the complex waveform 
had reached that same end, the ex- 
ploring pulse would coincide in turn 
with all of the separate elements of 
the complex waveform as_ both 
waveforms travelled in opposite di- 
rections down the line, so produc- 
ing a video signal pattern. 

Alternatively, two pulses suitably 
spaced in time can be applied to 
the line from the same end, pro- 
vided the opposite end is not cor- 
rectly terminated. Coincidence of 
the second pulse with the reflec- 
tion of the first pulse would then 
produce the required visual dis- 
play. If a short-circuit termination 
were used the pulse polarities would 
be opposed. 

A video or equivalent display 
could also be built up by applying 
discrete pulse sections of the com- 
plex waveform in turn to the delay 
line in suitably timed relationship 
with a series of appropriately time- 
displaced pulses at the opposite end, 
so as to produce, by time coinci- 
dence, a visual marking spot at each 
of the different points of the line 
raster in turn. 

For a color display, two, three or 
more interlaced sinuous line con- 
ductors would be used, in eombi- 
nation with suitable color filter 
strips on the viewed side of the 
panel. 

The author is indebted to L. S. 
Phillips, and D. F. A. MacLachlan, 
both of G. V. Planer Ltd. for their 
assistance in the construction of the 
display panels. 
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Designing 


Two versions of measuring device 


for high temperature. 


One, without feedback, features 


high threshold sensitivity 


and wide dynamic range. 


Feedback device is linear and 


Details of phototransistor mount showing miniature 
lamp lying across window of phototransistor 


By SAMUEL A. ELDER, 


Applied Physics Lab.. 
The John Hopkins Univ., 


Silver Springs, Maryland 


AUTOMATIC RECORDING of surface 
temperature in missile and rocket 
environments requires a compact, 
rugged instrument. The com- 
pletely transistorized recording py- 
rometer shown in Fig. 1 is the first 
version of such a device. Here, the 
design emphasis was on simplicity, 
since it was felt the instrument’s 
reliability would be enhanced by 
having as few parts as possible. 
The control box is hand held and 
is ordinarily separated from the 
test area by a 50 ft. cable. Output 
of the control box may be fed di- 
rectly to a d-c oscillograph. 
Figure 2 is a schematic of the 
optical system. The telescope lens 
mounted in the end of a projecting 
tube focuses an image of a small 
portion of the source on a 0.020 in. 
field stop aperture, behind which 
a phototransistor is flush-mounted. 
Linear magnification is approxi- 
mately 1. To avoid d-c drift and 
noise in the transistor circuit, the 
light beam is mechanically chopped 
at 750 cps by the toothed wheel 
placed just in front of the aper- 
ture. A silicon filter restricts the 
wavelength of the incoming light 
to a small band around 1.4 yp, where 
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the phototransistor has maximum 
sensitivity. 

When aligning, the phototran- 
sistor may be removed, permitting 
the image in the aperture plane to 
be examined by the microscope 
mounted in the lid. Field illumina- 
tion is provided by the projection 
lamp, A standard tungsten ribbon 
lamp is used for calibration. 

The circuits used are shown in 
Fig. 3. The optical box contains 
only seven components, including 
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has good calibration stability 


the phototransistor and battery. 
The phototransistor, connected in 
common emitter mode, requires no 
preamp. A low output impedance 
is provided by a miniature trans- 
former, good ground loop isolation 
being obtained at the same time. 

The control box circuit consists 
of the decade amplifier and demodu- 
lator. Gain stability is assured by 
the application of 34 db of feedback 
through R,. The high input im- 
pedance generated by the feedback 
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FIG. 1—Pyrometer’s optical box is made from 3 in. aluminum. Filter is in 


center foreground 
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Phototransistor Pyrometers 
WITH AND WITHOUT FEEDBACK 


means a simple voltage divider net- 
work can be used in the decade 
switch. Direct coupling is used in 
the common emitter cascade to re- 
duce the phase shift at low fre- 
quency. 

The diode demodulator trans- 
former-coupled to the last tran- 
sistor stage gives d-c output for 
recording on an oscillograph. The 
small bias voltage in series with 
the detector makes the output volt- 
age exactly proportional to the 
input voltage. Minimum signal 
smoothing is employed, so as not 
to limit the rise time of the instru- 
ment any more than necessary. 
With the filtering shown, the de- 
vice takes about 20 millisec to come 
up to 90 percent of a step input. 
A filter with a shorter time con- 
stant could be used if the light 
beam were chopped at a higher 
rate. For low-speed oscillograph 
recording, 20 ms is fast enough. 
Output signal level for full-scale 
deflection of the oscillograph pen 
is 250 mv d-c, corresponding to a 
line input of 2.5 mv rms. Noise 
level referred to the input of the 








Aligning pyrometer for calibration with tungsten ribbon lamp standard 


decade amplifier is about 50 pv 
rms at maximum gain. 

By the decade attenuator, a large 
linear dynamic range (about 4000 
times referred to noise level) can 
be attained, the upper limit being 
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imposed by clipping in the photo- 
transistor. The dynamic tempera- 
ture range of the pyrometer is af- 
fected by the dynamic voltage 
range of the electronics and by the 
efficiency of the optical system. This 
is shown in Fig. 4 where typical 
calibration curves are plotted on 
log-reciprocal axes. The tempera- 
tures given are black body tempera- 
tures (that is, corrected for the 
emissivity of the tungsten calibra- 
tion lamp.) 

With wide open telescope objec- 
tive (Curve C) the linear range 
extends from about 725 K to about 


APERTURE PLATE TRANSISTOR MOUNT 1,400 K. By stopping down the 
telescope opening, the temperature 
range may be shifted upward as 
shown in curve B, where it extends 
from 950 K to 3,000 K. The straight 
line portion of the curve corres- 
ponds to the linear portion of the 
electronic dynamic range. Over 
this region the output signal is 
nearly proportional to the light in- 
tensity, which in accordance with 
Wien’s Law, varies exponentially 
with the reciprocal of the absolute 
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FIG. 2—In nonfeedback version the phototransistor is located near chopper 
wheel 
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FIG. 3—Control and optical boxes are interconnected by microphone cable 
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FIG. 4—Calibration curves show effects of stopping down objective lens 


and of changing filter 


temperature. The slope of the 
straight-line portion depends on 
the center wavelength of the band- 
pass of light being received (curve 
A). Here a light filter with center 
wavelength in the visible spectrum 
was used in place of the infrared 
filter. Actually, the phototran- 
sistor current is not proportional 
to input light intensity so that the 
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slope of the calibration curve if off 
by a few percent from that which 
would be expected from Wien’s 
Law. For the particular phototran- 
sistor used, at ambient temperature 
of about 70 F, the output current 
varies as the 1.1 power of the in- 
put light intensity. 

The chief advantages of the 
pyrometer system are its nearly 


complete freedom from sensitivity 
to shock and vibration, and its com- 
pactness. It is also relatively in- 
expensive to build. Its accuracy 
is fair, having a calibration repro- 
ducibility of about +10 C under 
ordinary laboratory conditions. 
The chief disadvantage is that 
the response of the phototransistor 
varies with ambient temperature. 
Since both the slope and threshold 
abscissa of the calibration curve 
are affected by changes in ambient 
temperature, the pyrometer must 
be calibrated under conditions 
identical to that in which it is to 
be used. This is not always a con- 
venient procedure for field use. 
A second version of the prometer 
in which the electro-optical re- 
sponse of the phototransistor has 
been stabilized by photofeedback 
overcomes this disadvantage. The 
photofeedback is accomplished by 
flush mounting a subminiature 
tungsten-filament lamp on_ the 
window of the phototransistor. The 
complete circuit is given in Fig. 5. 
Here the phototransistor becomes 
part of a direct coupled common 
emitter cascade. Base bias for the 
phototransistor is supplied by the 
d-c component of the light from the 
feedback lamp. The lamp is biased 
at a steady 12 ma current so as to 
have linear transducer response. 
The static transducer character- 
istic of the feedback lamp is given 
in Fig. 6A. The dynamic trans- 
ducer response of the lamp at a 
fixed bias current of 12 ma is shown 
in Fig. 6B. Over most of the audio 
range the lamp response falls off 
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FIG. 5—In feedback configuration, a light bulb is 
flush mounted on window of phototransistor 
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as the reciprocal of the frequency 
and has a 90 degree phase lag. This 
behavior is to be expected from 
elementary thermodynamic con- 
siderations. The energy equation 
for small perturbations in the tem- 
perature of a (lumped-parameter) 
light filament is 
if AT 


R, AV =AC, At +BT3AT (1) 


where AV is applied signal voltage, 
R, is lamp resistance at bias volt- 
age V.,, AT is temperature change 
of the filament, C, is heat capacity, 
t is time, A and B are constants. 

Equation 1 states that of the heat 
energy supplied to the filament by 
the signal current, a part raises the 
filament temperature while the rest 
is radiated away. At a large enough 
bias temperature, T., conductive 
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and convective heat losses may be begins to fall off faster than 1/f. 
ignored. The heat capacity term The upper corner is near 2200 eps, 
behaves like a reactance and at as may be seen in Fig. 6B. There 
high enough frequency dominates is only a slight deviation from 1/f 
the equation, producing the ob- response up to 10 ke, however. 
served response: Both the static and dynamic 
AT V. lamp respense are important. A 
AV ~ jaxfACR (2) steady 12 ma bias current is sup- 
plied to the lamp by a current regu- 
or Al =—j X (constant) (3) lator transistor Q, (Fig. 5). The 
Al . " 
current setting may be varied to 
where Al is the intensity of the allow for battery aging by adjust- 
radiated light in the band AA around ing R,. The Zener diode across Ry 
\.. The corner frequency is of the protects the lamp from burnout 
order of 100 cps for the lamp used. when batteries are replaced. The 
At high audio frequencies the maximum permissible current may 
lumped-parameter approximation’ be set by adjusting R,. 
breaks down and the lamp response Lamp current may be checked at 
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FIG. 6—Static (A) and dynamic (B) transducer characteristics of Pinlite 15-15. Curve in (B) is obtained by disconnect- 
ing Cs in Fig. 5 and driving the feedback lamp from external oscillator 
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any time by inserting a potentiom- 
eter at terminal 1 and 2. The lamp 
current is standardized by a port- 
table potentiometer that uses a 
mercury cell as reference. Aging 
of the mercury cell may be cali- 
brated out by adjusting R. To 
counter-act phase shift and slop- 
ing frequency response of the lamp, 
coupling capacitor C. is used. This 
gives good compensation up to 
about 1.7 Ke without excessive at- 
tenuation of the feedback signal. 
The overall feedback is 28 db at 
the signal frequency. This is 
equivalent to a 1 megohm voltage- 
feedback resistor. 

The need for wide-band amplifier 
response was eliminated by me- 
chanically chopping the light beam 
into a sine wave rather than the 
usual square wave. This was ac- 
complished by placing the chopper 
blades close to the plane of the ob- 
jective lens and making the lens 
aperture equal to blade width. The 
optical system is shown in Fig. 7. 
A 180-cps chopping frequency 
places the signal in the passband 
of the amplifier. 

Low-frequency response is 
heavily damped by an undersized 
bypass capacitor (C, of Fig. 5) to 
avoid ringing due to transients. 
Bias current to the first stage is 
set by adjusting R,. The origin of 
the bias current is the photon input 
from the lamp itself, which behaves 
as an infinite impedance source. To 
secure low output impedance to line 
with minimum reaction back on the 
amplifier, an emitter follower stage 
Q, is added at the collector of Q,. 

The decade amplifier in the orig- 
inal pyrometer was unsuitable for 
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the photofeedback version, since it 
did not have enough feedback at 
low frequencies. The circuit was 
modified by removing the output 
transformer and load inductor as 
shown in Fig. 8. To obtain linear 
operation of the detector without a 
step-up transformer, it was neces- 
sary to operate at higher supply 
voltage. A bootstrap emitter fol- 
lower stage was added as an output 
buffer to improve the circuit stabil- 
ity. 

The photofeedback version of 
the pyrometer gives greater pre- 
cision as well as greater calibration 
stability. The voltage calibration 
of the feedback version is repro- 
ducible to better than 1 percent 
resulting in a temperature repro- 
ducibility of better than +1 C at 
1,000 K and +4 C at 2,000 K. Pre- 
cision could be improved further 
by redesigning for a_ greater 
amount of feedback, although the 
stability of the feedback lamp char- 
acteristics may impose a practical 
limit. The threshold temperature is 
about 840 K (as compared with 
725 K for the nonfeedback ver- 
sion). 

The most important advantage 
of the feedback pyrometer is that 
after an initial absolute calibra- 
tion using a standard black body, 
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it does not need to be optically 
calibrated again. This makes it use- 
ful as a field instrument. Another 
advantage is that the feedback im- 
proves the linearity of the photo- 
transistor response. The photofeed- 
back principle described here should 
be useful for photometric devices 
in general. 

Compared to the feedback ver- 
sion, the nonfeedback pyrometer 
works at higher chopping fre- 
quency, has somewhat better 
threshold sensitivity and dynamic 
range, and is less affected by micro- 
phonic pickup in severe vibration 
environments. Refinements in the 
photofeedback circuit, however, 
may neutralize these differences. 

Both instruments are currently 
being used in rocket tunnel experi- 
ments at the APL hypersonic re- 
search facility. 

The author acknowledges the 
help of T. Kahn who aided in the 
mechanical design. This work was 
supported by the Bureau of Naval 
Weapons, Department of the Navy, 
under Contract NOrd 7386, 
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FIG. 8—Output transformer is elimi- 
nated in control circuit 
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Point of the heated vertical probe is applied to the sample between lower clamps. Control 
on right monitors probe temperature through thermistors, also feeds thermoelectric volt- 
age to an external differential meter that indicates junction polarity 


- ee - > 


Temperature-stabilized probe 


Hot Probe Measures 


determines the thermoelectric 


Semiconductor 


Thermoelectric Power 


By NEIL BOBSON, 


Cambridge Systems Inc., 
Waltham, Mass. 


THE RECENT rapid growth in semi- 
conductors for thermoelectric 
energy conversion requires the 
basic semiconductor materials to 
be speedily available for production 
use, and available in uniform and 
known quality. Since thermoelec- 
tric power alone (Seebeck effect) 
may vary from —300 microvolts 
per degree C to +300 microvolts 
per degree C within a single semi- 
conductor crystal, rapid nonde- 
structive testing methods must be 
available to sort out which sections 
of a given semiconductor sample 
can be used. 

Semiconductors for thermoelec- 
tric applications, have three quan- 
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tities of interest: electrical con- 
ductivity, thermal conductivity and 
thermoelectric power. These three 
combine to give the figure of merit 
for the whole semiconductor, which 
is a measure of its usefulness as 
a thermoelectric material. Electri- 
cal conductivity is measured by the 
two and four-probe techniques" ’ 
that permit rapid, nondestructive 
resistivity measurement without 
requiring special sample prepara- 
tion or shaping. 

The thermal conductivity, while 
equally important in the determina- 
tion of the figure of merit, is the 
quantity least likely to be variable. 
Presently, several programs are 
developing a probe technique for 
measuring thermal diffusivity—a 
factor that is related to thermal 
conductivity through the specific 


power of semiconductor 
samples without sample 
preparation or shaping. 
Permits point measurement of 


Seebeck coefficient 


heat. Though this measurement 
has been shown to be practical, de- 
velopment work is still required. 

The widely varying thermoelec- 
tric power coefficient on the other 
hand, should be measured to give 
a sample’s thermoelectric power 
profile, which, coupled with the re- 
sistivity profile, indicates those por- 
tions of the sample deserving close 
examination. Such profiles allow 
selection of the more interesting 
sections of an ingot for detailed ex- 
periment and also provide homoge- 
neity data on crystal growth tech- 
niques. To fill this profile need, a 
probe measuring-scheme has been 
devised to measure the thermoelec- 
tric power of a semiconductor with- 
out preliminary sample prepara- 
tion. 

When a hot probe is placed on 
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FIG. 1—Complete system (A). Hemispherical probe (B) produces hemispherical isothermal surfaces while tempera- 
ture distribution of flat probe (C) assumes hemispherical shape several radii from the surface 


the surface of a _ thermoelectric 
semiconductor a voltage is gener- 
ated between the hot probe and 
some cooler reference point in an 
undisturbed region of the semicon- 
ductor. Since polarity of the volt- 
age changes sign with a change 
from p to n conductivity, a thermo- 
electric probe has often been used 
to detect p-n junctions. If in addi- 
tion the temperature of the probe 
is known and the magnitude of the 
thermoelectric voltage is measured, 
a semiconductor’s Seebeck coeffi- 
cient can be determined directly. 
Since sample preparation is not 
usually required, that is, no cutting 
or soldering of leads is necessary, 
a hot probe can be used for the 
rapid evaluation of thermoelectric 
semiconductors. 

The experimental situation is il- 
lustrated in Fig. 1, with the speci- 
men on a metallic reference elec- 
trode at temperature T.. The hot 
probe at a temperature 7, is placed 
on an arbitrary point of the sample 
and the thermoelectrically gener- 
ated voltage measured between 
reference and hot electrodes. It is 
assumed that the thermoelectric 
power generated by the reference 
and hot electrodes, as well as by 
the leads connected to the volt- 
meter, is negligible compared with 
the thermoelectric power of the 
semiconductor specimen. 

The Seebeck coefficient or ther- 
moelectric power a is defined by 


V¢ =-—aAT (1) 


where ¢ and T are the voltage and 
temperature, respectively. In this 
simplified analysis, it will be as- 
sumed that a is isotropic, independ- 
ent of temperature and independ- 
ent of position. Thermal conduc- 
tivity K, is likewise assumed to be 
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isotropic, temperature and space 
independent. These assumptions 
are restrictive and seldom realized 
in practice, however, the analysis 
carried out on this basis can lead 
to useful results. 

The Seebeck coefficient is defined 
under open-circuited conditions. 
Consequently, the density of heat 
sources in the uniform bulk semi- 
conductor with no currents flowing 
must be zero. This condition leads 
to a differential equation for the 
temperature distribution 


v?T =0 (2) 


Equation 1, in view of the uniform 
a approximation, indicates that the 
voltage distribution is governed 
by the same differential equation 


v*¢ = 0 (3) 


The metallic electrodes can be 
chosen so that their electrical and 
thermal conductivity is far greater 
than that of the conductor being 
measured to ensure identical ther- 
mal and electrical equipotentials 
where the electrodes contact the 
semiconductor. Boundaries of the 
specimen not enclosed by the elec- 
trodes are electrically open-cir- 
cuited. Since the thermal conduc- 
tivity of still air (0.00023 watts per 
deg C-cm-sec) is two or three orders 
of magnitude less than the ther- 
mal conductivity of thermoelectric 
semiconductors, the electrically 
open-circuited boundaries can be 
regarded as being also thermally 
open-circuited. Heat flow across the 
open surfaces could be further re- 
duced by immersing the sample in 
some low  thermal-conductivity 
medium or possibly vacuum, but 
this technique would destroy some 
of the device’s facility. Even in a 
still-air medium, it is a valid ap- 


proximation to consider the open 
surfaces as being completely open- 
circuited—both electrically and 
thermally. Consequently, the volt- 
age and temperature distributions 
are governed by identical differ- 
ential equations and _ identical 
boundary conditions. 

Integrating the temperature 
gradient along an arbitrary path 
between the electrodes 


Th 
AT = VT :-dl=T,—T. (4) 
T. 


Performing a similar integration 
for the E field 


T 
Vo = . vV¢e'dl 
c T 


h 
; VT -dl 


=-—a 


7 c 
=—a(T, — T.) (5) 
the 


Therefore, thermoelectric 


power is 
a=- <9 (6) 

Equation 6 demonstrates that 
within the limitations imposed by 
the assumed boundary conditions 
and the assumed _ semiconductor 
uniformity, the thermoelectric 
power is the quotient of the ther- 
moelectrically generated voltage 
divided by temperature drop. This 
result is unaffected by electrode or 
sample geometry. 

This conclusion is the result of 
some drastic over-simplications. 

The effect of temperature varia- 
tions of a and K can be minimized 
by keeping the temperature drop 
(T, — T.) as small as possible. 
This dictates voltage-measuring 
equipment with a high sensitivity. 
It is also assumed that the semi- 
conductor being measured is iso- 
tropic. A thermoelectric power 
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FIG. 2—Equivalent thermal circuit 
of hot-probe measuring technique 


measurement by a hot probe on an 
anisotropic semiconductor would be 
difficult to intepret. Generally, 
anisotropy causes circulating cur- 
rents, and additional information 
must be known about the thermal 
and electrical conductivity tensors 
before making conclusions about 
the thermoelectric power tensor. 
Consequently, a hot probe cannot be 
used to evaluate an anisotropic 
semiconductor. The effect of pos- 
sible spatial variations of a and K 
can be minimized by the choice of 
probe geometries and dimensions. 
Consider the two following probe 
geometries that make contact to 
the semiinfinite semiconductor: a 
hemispherical and a plane circular 
contact. With the hemispherical 
point, Fig. 1A, the temperature dis- 
tribution in the semiconductor is 


T = “ (T, —- T.) +7. (7) 


where r, is the radius of the point. 
The isothermal surfaces indicated 
by the dotted lines, of the geometry 
indicated in Fig. 1C are oblate 
spheroids, but at distances a few 
radii into the bulk, the isotherms 
become spherical and similar to 
those indicated by Fig. 1B. Equa- 
tion 7 demonstrates that with these 
small point geometries the major 
temperature drop occurs in a small 
volume immediately under the 
point. The magnitude of the ther- 
moelectrically generated voltage 
then is governed predominantly by 
the thermoelectric power of the 
semiconductor near the hot probe. 
This property allows a and K to be 
assumed spatially constant, because 
the point dimensions are small 
enough for variations in a and K 
over the volume being measured 
to be negligible. Furthermore, with 
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specimens of suspected grading, the 
hot point can be used to probe and 
measure the variation of a. 

The size of the hot point is im- 
portant. Aside from resolution 
there are other considerations that 
limit the magnitude of r,. Large r,’s 
are limited by temperature-regula- 
tion requirements. In using a hot 
probe, it is desirable to maintain 
the temperature drop (T, — T.) 
constant. The thermal loading pro- 
duced in measuring applications 
can be demonstrated by the equiva- 
lent thermal circuit in Fig. 2. Here, 
¢@ is the heat flux supplied to the 
hot point, which has a thermal re- 
sistance and capacitance R, and C, 
respectively. C, and R, are the 
thermal capacitance and resistance 
of the reference block. In practice, 
C, is large. C, and R, refer to the 
sample being measured. 

The switch is closed when the 
hot point is applied to the specimen, 
and open when the hot point is re- 
moved. Although ¢ is regulated to 
maintain a constant (7, — T.), the 
instantaneous temperature will not 
vary with opening and closing of 
the switch if R, is much greater 
than R,. Analog R, is governed by 
the surface area of the entire hot- 
probe assembly and the thermal 
conductivity of still air; R, can be 
computed exactly for the two types 
of contacts. 


1 
Qer,K 
1 
4r,K 
If a hot-probe-assembly length of 
10 cm is convenient, then r, must 
be chosen at least three orders of 
magnitude smaller to compensate 
for the lesser thermal conductivity 
of still air. Consequently, an r, of 
10° cm or less would result in an 

R, greater than R,. 

For reasons of thermal loading, 
r,’s much less than 10° cm would 
be advantageous. Vanishingly small 
points, however, are not desirable 
since surface properties rather than 
bulk properties would then be meas- 
ured. Semiconductor surfaces may 
be covered by oxide layers or inver- 
sion layers arising from surface 
states. The thickness of an oxide 
layer is a variable factor but in- 
version layers are of the order of 
several Debye lengths thick—about 
10° to 10° cm in most semiconduc- 
tors. If the bulk rather than sur- 


R, = (Hemispherical contact) 


R, = 


(Plane-circular contact) 


face properties are desired, the 
point should be made large enough 
so that a major portion of the tem- 
perature drop occurs in the bulk. 

Thermoelectric power is meas- 
ured by a three-element instru- 
ment. It includes a temperature- 
regulated hot probe and reference 
block assembly; also required is a 
mechanical fixture for positioning 
the sample and for applying the hot 
probe to the sample in uniform 
fashion. A sensitive high-imped- 
ance d-c voltmeter is needed to 
measure the generated emf, and 
this meter should preferably be of 
the differential type and calibrated 
in microvolts per degree C. 

The photograph shows the in- 
strument system. An _ electronic 
proportional controller maintains 
the hot probe at a fixed tempera- 
ture above the ambient or refer- 
ence. A 20 degree C temperature 
difference is adequate. The error 
signal for the proportional con- 
troller is developed from bridge- 
connected thermistors located in the 
probe and reference block. The 
probe and reference block are also 
equipped with differentially con- 
nected thermocouples to provide 
exact monitoring of the tempera- 
ture difference. The probe and ref- 
erence block are made of nickel- 
plated copper for maximum thermal 
stability and minimum sample con- 
tamination. 

A d-c voltmeter indicates alpha 
(a) when the probe is depressed 
onto the sample. A _ differential 
meter identifies the junction polar- 
ity and eliminates continuous 
switching of meter leads. A switch 
connects the d-c meter to the ther- 
mocouples and permits the tem- 
perature differential to be moni- 
tored without an expensive poten- 
tiometer. 

This information has been con- 
densed from reports prepared by 
the Energy Conversion Laboratory 
of the Massachusetts Institute of 
Technology under sponsorship of 
the Electronics Research Directo- 
rate of the Air Force Cambridge 
Research Center, Air Research and 
Development Command, under con- 
tract number AF 19(604)-4153. 
Although the instruments were 
initially designed and developed at 
MIT under Air Force sponsorship 
this does not constitute an approval 
for use by either MIT or the Air 
Force. 
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FIG. 1—Conventional monostable multivibrator (A) compared with isolating-diode type (B) 


Monostable Multivibrators 


GENERATING accurate delays in the 1 to 300-milli- 
second range with transistor monostable multivibra- 
tors is easy under laboratory conditions but difficult 
in production runs. Bulky capacitors and large tim- 
ing resistors are the two major difficulties. Large 
stable capacitors are expensive, while large timing 
resistors accentuate the variable effects of transistor 
I... To design a monostable that will maintain timing 
within 5 percent with changes in temperature, supply 
voltage and component variation requires considera- 
tion of all timing parameters. 

Two circuits will be analyzed. Although these cir- 
cuits were analyzed with germanium transistors, the 
analysis holds true with silicon transistors. 

The circuit shown in Fig. 1A is the common mono- 
stable and its operation is similar to the vacuum-tube 
type.’ The difference is that during the timing inter- 
val, capacitor C discharges into the base of Q, due 
to /.,. in addition to the usual path through R,. Large 
errors may result if this parameter is not considered. 

Circuit operation of the isolating monostable, 
shown in Fig. 1B is not as obvious. Diode D, is added’ 
to reduce timing variation caused by the variable /., 

‘of Q,.2 Diode D, disconnects C from Q, during t, of 
the timing period and Fig. 2 shows typical wave- 
forms. 

The reverse leakage of D, can be neglected if a 
good quality silicon diode is chosen. During time t,, 
Q, is off and /., is supplied by base resistor R,, and 
bias supply V.. Diode D. clamps the base of Q, main- 
taining the uniform base-emitter voltage required to 
realize the benefits of isolating diode D,. Time t, 
ends when the voltage at point A equals the forward 
drop of D.. At this point, D, begins conducting. 
From this time until the monostable resets to its 
quiescent state (time t.), the capacitor C discharge 
depends on the /,, of Q,, R.,, R,, V; and V.. 

Before capacitor C and timing resistor R, are 
chosen to produce the time delay, the designer must 
satisfy the requirements of the external circuits. 
Usually it is good practice to derate components and 
chose nominal values so that the circuit will operate 
with any combination of tolerances expected. This 
worst-case design technique is described elsewhere.’ 
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A graphical method may also be used.‘ In either 
case, the design procedure will end with R, specified 
to fall below a maximum value. It is desirable to use 
a resistance near this maximum so that the capacitor 
size (and cost) may be reduced. Capacitor C and 
resistor R, combination may be chosen to give the 
desired timing using the following equations. The 
effects of parameters varying may also be calculated 
from these equations. 

The monostable shown in Fig. 1A uses the follow- 
ing timing equation 


va Loot Re+2Vi— Ve—Res n+] cot) — Vie zon 
= RC log. ? f by 
7 RC log Vitlin Ri-—Ve 


where C = timing capacitor, J... = I.. of Q,, leo. = 
I., of Q., V. = collector saturation voltage of Q., 
Viron = base-emitter voltage at the quiescent state 
of Q,, V. = base-emitter cutoff voltage of Q,, V, = 
negative supply voltage, R, = timing resistor, R,. = 
collector resistor of Q, and J, = current into R,,, 
quiescent state, observe sign on current. Magnitudes 
are used on all terms except /,. 

The monostable shown in Fig. 1B has the following 
equations. The time period must be calculated in two 
steps. Figure 2 shows ,, and j.. 

seh eS ae 
definitions same as previous equation plus Vp, 
diode drop of D, quiescent state, V»,. = diode drop 
D. during t,, V. = positive supply voltage and I... = 
I., of D,. Use magnitudes on all terms except /,. 


. I oor Reg + Veg + Viz — Vs 
Oe Oe ar han ame 
where R., = (R, Ri)/(R, + R,,) and V., = [R, 
(V. — Vo, — Ru Teor — Riu Vi)/(R» + R,) and the 
total period is t, + t, 

A number of observations may be made from these 
equations to give further insight into circuit opera- 
tion. For the circuit of Fig. 1A, the term /,,, R, 
appears in both numerator and denominator of the 
log term. By using typical values of components 
and supply voltages shown in Fig. 1A, and calcu- 
lating the time period with no /,,, and then with 
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FIG. 2—Timing waveforms of isolat- 
ing diode type monostable time delay 
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With Stable Delay Times 


80 pa I,,, the timing decreases approximately 16 per- 
cent. Varying supply voltage V, produces less than 
1-percent timing change. These two points are typi- 
cal of this monostable. 

For the circuit of Fig. 1B, the equations are more 
complex. The major variation with change in /.., 
comes from the second part of the time period, t¢.. 
During this tailout time, transistor Q, is connected 
to capacitor C via diode D, therefore /., does 
affect the time period. Using the typical values 
shown in the circuit, this effect has been reduced 
slightly more than 2:1. The interplay of R, and R,, 
is important. As it is desirable to keep the tailout 
period small, R, must be small and R,, large, but R,, 
cannot be increased above the point at which insuffi- 
cient J., is supplied to Q,. Diode D, with a low for- 
ward drop makes ¢, occur at a later time thus re- 
ducing the variable tailout period. Since period ¢, 
depends on V, and V, in addition to the resistors and 
diodes, timing is also dependent on the supply volt- 
ages. 

Using typical values from Fig. 1B, a 10-percent 
supply voltage change nets about 1 percent timing 
change. The worst case is when one supply voltage 
increases while the other decreases. This monostable 
is dependent on many variables but the major cause 
of timing change (J,.:) has been greatly reduced, 
even in the worst case. 

Calculated and measured data were found to agree 
within 4 percent when accurate values were used in 
the equations. Values for diode and transistor drops 
can be estimated from data sheets with sufficient 
accuracy. To obtain good agreement, /.,, should be 
measured in the setup. For design it is more useful 
to calculate the maximum timing change with vari- 
able J., by using the maximum expected value. Two 
minor assumptions were made in the derivations; 
the period of time required to turn a transistor on 
and off is negligible when considering delays in the 
order of milliseconds, and the J,, of Q, is the reverse 
bias current of the transistor.® 

To realize accurate timing from a monostable, its 
use in a circuit must be considered. To maintain less 
than 2-percent timing jitter, a recovery time of 
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4R,.C must be allowed before the next trigger pulse 
is applied. Cascading two monostable in series will 
overcome this problem in critical cases. Driving other 
circuits from the set output of either type monostable 
should be avoided. Noise pickup on a lead connected 
to this point may trigger the monostable. A variable 
load (J,) will directly vary the time period. Still 
another difficulty can be the slow fall of the set out- 
put waveform when working into logic gates. This 
is caused by capacitor C recharging through R,.. 
Another point which should not be overlooked is the 
power supply as good regulation and low ripple are 
requisite. Fluctuations will feed through R,, and the 
capacitor to the base of Q, causing instability or false 
triggering; 50 mv of this noise can cause trouble. 

Equipment containing both types of monostables 
have been constructed. Over 350 monostables, assem- 
bled and tested on a production basis, proved the 
analysis. A simple production procedure was devised 
to adjust for the initial tolerance of the capacitors. 
Incoming capacitors were measured in a test mono- 
stable circuit. Standard 1l-percent resistors were 
switched into the R, position. The resistor value that 
gave the nearest to desired timing was marked on 
the capacitor for later assembly. A digital time inter- 
val counter measured the time interval. With no 
other selections or adjustments, 99 percent of the 
monostables were within +2.5 percent from nominal. 
A large portion of this may be attributed to two 
chances for R, to be off from nominal. Temperature 
tests at 65 C proved the isolating diode circuit to 
be about 2:1 less sensitive to 7., changes than the 
conventional circuit. Between 2- and 4-percent de- 
crease with temperature was typical with the isolat- 
ing diode circuit and after four months of service, 
no signs of drift have been observed. 
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Solenoids for Traveling-Wave Tubes 


Survey of the principal design aspects of electromagnetic systems for micro- 


wave tubes and the mechanical techniques of cooling microwave tube solenoids 


THE INCREASE in use of traveling- 
wave tubes and high-powered kly- 
strons has created a demand for 
focusing solenoids for these tubes. 
Previously it was enough for the 
focusing solenoids to meet electrical 
and magnetic considerations, but 
packaging of electronic systems has 
produced additional demands with 
regard to the mechanical aspects, 
heating problems, environmental 
conditions and weight. 

The electromagnet solenoid pro- 
vides a magnetic field of sufficient 
intensity and length to control the 
path of the electron stream inside 
the tube. This magnetic field must 
be within a given intensity range; 
it must be uniform, of maximum 
length in the space alloted, and be 
homogeneous, that is, have a mini- 
mum of magnetic fields perpendic- 
ular to the main field. The more 
usual type of tube requires a con- 
stant magnetic field throughout its 
length. A constant field is generally 
identified as an unchanging plateau 
that the magnetic field achieves 
between dropoff points at each end. 
This is shown on a typical solenoid 
chart in Fig. 1A. 

A variable magnetic field may be 
desired and is specified in field in- 
tensity at critical locations along 
the length of the solenoid as shown 
in Fig. 1B. The variable field can 
be obtained by varying either the 
number of turns in each section or 
the current in each section. These 
field changes are generally not 
abrupt and the pattern has been to 
provide the strongest field for a rel- 
atively short distance at one end. 
Concentration of power at one end 
creates a heat dissipation problem 
in this area, which can be handled 
either by using more wafers for 
more cooling area or by using cop- 
per wafers for these sections to 
reduce the power needed. 

Field length of a solenoid between 


d-onof points is not only a func- 
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tion of the physical length of the 
unit but also depends on the in- 
ternal diameter of the solenoid. As 
a rule of thumb, the dropoff at each 
end begins at a point 1} times the 
opening of the end pole pieces, see 
Fig. 1C. If the id of the coils is 
appreciably larger than the pole 
piece opening, then there may also 
be a dropoff of intensity towards 
the center. See Fig. 1D. 

It is possible to make the end 
dropoff more abrupt by additional 
turns immediately adjacent to the 
end plate thereby increasing the 
field at this point, see Fig. 1E. The 
effect of too large an increase of 
turns in this area is to overshoot 
the field level beyond the normal 




















FIELD LENGTH 

FIG. 1—Typical curve of a con- 
stant magnetic field (A); curve 
showing a patterned magnetic field 
(B); effect of the opening diameter 
in end plate (C); the effect of a 
large variation between coil i-d and 
end-plate i-d (D); effect of addi- 
tional turns on end wafers (E) 


solenoid level. Also important are 
the additional losses created, which 
must be considered in the cooling 
design of the solenoid. 

The magnetic field is also affected 
by the construction of the twt or 
klystron. The tubes are built with 
magnetic pole pieces matching the 
solenoid end plate holes so that the 
magnetic field is continued without 
interruption. If there is an air gap 
between the solenoid pole piece and 
tube pole piece, then the magnetic 
field will be altered. The tube cables 
or wave guides also affect the mag- 
netic field when these are brought 
directly through the solenoid, (see 
Fig. 2). To allow room for en- 
trances, the wafer coils are notehed 
or holes drilled through the wafers. 
In most cases the effect of the cut- 
outs on the magnetic field cannot 
be detected by normal magnetic 
tests but may be picked up during 
tube operation. The openings are 
necessary on one side only but to 
minimize the magnetic-field effect, 
a matching notch or hole is made 
directly on the opposite side. This 
balances the transverse fields cre- 
ated and cross fields are nullified 
at the center of the solenoid. 

For accurate tube focusing, sol- 
enoid cross fields must be minimum. 
Cross fields are created by eccen- 
tricities in the winding, variation 
of physical location of each turn, 
variations in mechanical parts, 
magnetic characteristics and, to 
some degree, heating of the wind- 
ings. 

The oldest method of solenoid 
construction uses a metal bobbin 
wound with the number of turns of 
wire to provide the desired field 
strength through the center hole of 
the bobbin. Until recently, insu- 
lated copper magnet wire was used 
exclusively but many designs have 
now been converted to aluminum. 
With care in winding and precision 
of metal parts, a uniform field can 
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be obtained. The inherent draw- 
back to wirewound units is ineffi- 
cient heat transfer through the 
windings, which limits the power 
that can be handled or makes the 
unit large. To overcome the heat 
transfer drawback, the wafer-coil 
technique’ is used for most twt and 
klystron solenoids. 

Ocasionally the edge-wound foil 
technique® is considered because it 
is then possible to have the od at 
the same temperature as the id, 
providing a method for dissipating 
the heat by air flow or heat sinks 
around the od. The major draw- 
backs are the difficulty of produc- 
tion and the space factor of insula- 
tion between turns. This technique 
is limited to high current and low 
voltage and has not been developed 
for production. 

The wafer technique provides 
versatility to match different power 
supplies available. Most wafer 
windings use laminated plastic and 
foil, either aluminum or copper. 
This technique has proven to be 
the most reliable and simplest to 
control. Occasionally units are con- 
structed with anodized foil to elim- 
inate the plastic insulation; draw- 
back to anodized foil is its fragility 
during winding. Providing strength 
requires heavy layers of anodic film, 
and the space factor then is no im- 
provement over plastic films. The 
temperature range of anodized foil 
is not helpful because the solenoid 
power increase due to higher oper- 
ating temperatures is less accep- 
table than the increase in size neces- 
sary for reduced operating temper- 
atures. Another drawback to higher 
operating temperatures is the ad- 
verse effect on twt and klystron 
tubes that are limited in tempera- 
ture range. As tube operating tem- 
peratures are increased, higher 
operating temperatures for the 
solenoid become important. Work 
now being carried out on high-tem- 
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FIG. 2—Focusing solenoid with waveguides as an integral part of the 
assembly, shown without cover (above) and with cover, (below) 


perature insulations® up to 600 C 
should provide the insulations for 
these developments of the future. 
Besides the advantage of im- 
proved heat transfer, another wafer 
coil detail helpful for solenoid work 
is that slots or openings can be 
machined for cables or other inter- 
ferences; see Fig. 2. Thus the mag- 
netic field can remain continuous 


and still allow room for the tube 
construction details. 

Where patterned fields are re- 
quired, the wafer method provides 
an effective way of using copper in 
critical areas to minimize power 
losses and still use aluminum in 
noncritical low-power areas. 

Because the construction of wafer 
coils in so compact with each turn 
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sealed internally, they can be used 
in immersed liquid-cooled designs. 

All solenoid designs center around 
the cooling system. Cooling is by 
natural convection, forced air flow, 
liquid immersion with forced liquid 
flow, water-cooled heat sinks, or a 
combination. Unless other require- 
ments override, such as_ limited 
power consumption, the goal is the 
smallest and lightest solenoid to 
produce the field required with a 
minimum of power and cooling. 

The cooling method may be dic- 
tated by the availability of a type 
of cooling. For instance in many 
klystrons, water or liquid cooling 
is needed for tube operation; thus 
most klystron solenoids use liquid 
or water cooling. In airborne sys- 
tems where air flow is available the 
designs are built around this 
method. 

Where weight is a controlling 
factor, aluminum foil is generally 
used, the penalty being extra power 
consumption. As a rule, for a given 
size the weight of an aluminum 
design. will be approximately half 
of the equivalent copper design. 
The power dissipation of aluminum 
will be about 13 times that of cop- 
per foil; however, if the metal parts 
are a large percentage of the 
overall weight, the coil weight sav- 
ings of aluminum may be reduced. 
Then copper foil may be preferable 
because of smaller overall size. Cost 
is proportional to the weight of the 
solenoid. 

In wirewound solenoids whose 
length is large compared to the 
buildup of wire layers, it is pos- 
sible to force air over the od and 
maintain reasonable operating tem- 
peratures. In some wire designs 
where the layer buildup is large, 
additional cooling is provided by 
liquid cooling on the id. However, 
all wire designs are limited in the 
amount of power they can dissipate. 

Wafer designs use two basic 
methods of air cooling—air passage 
over or through cooling fins placed 
between wafers, see Figs. 3A and 
3B, and air passage through spaces 
between wafer coils, see Fig. 3C. 
Each method has_ advantages. 
Where air flow is over the od the 
air duct tie-in is simplified and the 
configuration follows the overall 
solenoid pattern. This type re- 
quires metal cooling plates between 
wafers. In spaced wafer designs, a 
transverse air flow is used; this 
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cools efficiently and has less metal 
parts. A disadvantage is more diffi- 
culty in packaging the wafers par- 
ticularly for vibration and shock. 

Air-cooled wafer designs effec- 
tively dissipate as much as 5 watts 
per square inch of wafer coil cooling 
surface. Designs are generally tai- 
lored to particular air systems with 
regard to maximum pressure drop 
across the solenoid for the amount 
of air available. In cooling fin de- 
signs, the amount of air space be- 
tween the coil od and case id plus 
restrictions due to fin configuration 
generally determine the air pres- 
sure drop. Where a large amount of 
fin cooling area is required, the 
air pressure drop is controlled by 
the cooling fin design. In spaced 
wafer designs, the pressure drop 
is controlled by the air space be- 
tween wafers, although the air en- 
trance pattern is a factor. 

Most air-cooled solenoid designs 
operate at 1 to 2 in. of pressure 
drop across the solenoid package, 
although back pressures up to 4 in. 
may be encountered. Back pres- 
sures beyond this are difficult to 
obtain, particularly if the air sup- 
ply is provided by self-contained 
blowers. Low back pressures re- 
quire an excessive amount of air 
space. 

Solenoid designs using air cool- 
ing for sea-level operations will 
necessarily be less effective at high 
altitudes because of the change in 
air density. If adequate air flow is 
available at the high altitude, this 
method of cooling is satisfactory. 
Where individual blowers are used, 
the designs are aimed at the high- 
est altitude rating where the blower 
is least effective. 

Various types of blowers have 
been used to obtain air flow for 
cooling. Brush type motors are 
generally avoided because of pos- 
sible noise effect on tube operation; 
capacitor start or inductive type 
motors have worked satisfactorily. 
Both 60-cps and 400-cps blowers 
are used, with 60-cps types limited 
by their size. The most effective 
types readily available are three- 
phase 400-cps vane axial blowers 
that perform well with reasonable 
back pressures, and are suitable for 
either longitudinal or transverse air 
flow. Propeller blowers are occasion- 
ally used for longitudinal air flow. 
Propeller types have poor back pres- 
sure characteristics but are cheaper. 


For transverse air flow, the squir- 
rel-cage or centrifugal type of 
blower is suitable. For long sole- 
noids the dual type centrifugal 
blower provides a better distribu- 
tion of air. 

Design of cooling fins is corre- 
lated with the air flow characteris- 
tics of the blower system. The sim- 
plest types are aluminum or copper 
foil cut into a pattern. See Fig. 3A. 
Where the cooling requirement is 
severe, fins are designed as shown 
in Fig. 3B. Fins are placed be- 
tween wafers to conduct the heat 
to the od of the wafer where the 
air flow pattern is established. The 
problems of heat exchangers are in- 
volved in cooling of solenoids: to 
transfer a given amount of heat 
from the coils to the air. The con- 
trolling factor is generally the coil 
temperature, which is kept to an 
average of 360 F or less. Temper- 
ature is monitored by measurement 
of the start voltage and stabilized 
voltage at a constant current, see 
Fig. 4. 

The distinction between water 
cooling and liquid cooling is that 
in water-cooled designs, the wafer 
coils are physically isolated from 
the coolant, whereas in liquid-cooled 
designs, the coils are immersed in 
the coolant. Water-cooled designs 
may be operated with other coolants 
in preference to water, assuming 
equivalent heat transfer, but in 
liquid-cooled designs, the designed 
coolant must be used to be sure that 
the coil insulations are compatible. 

A conventional method of water 
cooling is shown in Fig. 5. The cool- 
ing fins are placed between wafers 
and tubing is soldered to the od of 
the fin. The tubing around each 
cooling fin is connected in series 
creating a water-flow pattern to 
keep the od of the fin cool. The in- 
let and outlet tubing positions can 
be positioned wherever needed. The 
limitation of this cooling method is 
the temperature drop from the id 
to the od of the cooling fin which 
can become excessive if the coil 
buildup is large. Space is needed 
on the od for the water tubing in- 
creasing unit size. To counteract 
the temperature drop, thicker plates 
are needed but this has a limited 
effect. One solution is to spiral 
tubing, Fig. 6A, from id to od. This 
is limited to single or double wafer 
designs of only two cooling fins or 
where the spacing will not affect the 
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magnetic field. Another solution is 
special cooling fins as shown in Fig. 
6B. Here two metal plates are fas- 
tened together with spacers to allow 
a sheet of water to flow, thus pro- 
viding a heat sink for the entire 
face of the wafers. This method 
can handle heat densities of the 
order of 15 watts per square inch. 

For immersed liquid cooled de- 
signs, the wafers can be spaced to 
allow liquid flow pattern as shown 
in Fig. 6C. Physical blocks prevent 
any coolant flow around the od, 
thereby forcing the liquid through 
the wafer spaces. Also effective 
are cooling fins that bring the heat 
to the outside thereby allowing the 
liquid flow to pass only over the od 
of the wafer. This method is less 
effective in cooling but has the ad- 
vantage of a solid winding assembly 
for vibration or shock. Liquid cool- 
ing is effective for wafer coils since 
the coolant is in intimate contact 
with each turn. The cooling sys- 
tems, however, are generally closed 
systems, requiring a second heat 
exchanger to remove the collected 
heat and therefore may not always 
be suitable. 

Another method is a combination 
of cooling fins and water jacket as 
shown in Fig. 6D. The cooling fins 
move the heat to the od or id, where 
physical contact is made to a water 
jacket which is cooled by liquid 
flow. This method minimizes the 
increased dimension requirement 
for cooling without physically im- 
mersing the wafers. 

Most solenoid designs are based 
on constant-current systems where 
variation in resistance due to heat- 
ing of the wafers is reflected in 
voltage increase. The magnetic 
field in these designs is constant 
over the entire range of environ- 
mental conditions, assuming the 
current controls can handle the 
changes in resistance. This is the 
preferred method of tube operation. 
The disadvantage is that a current 
regulator is needed that is capable 
of handling the required currents. 
The range in solenoid designs uses 
current from 0.5 amp to over 100 
amp with voltages ranging from 
500 V to 10 V. The majority of 
designs range between 2 and 20 
amp. 

Where current regulators cannot 
be incorporated, the electrical de- 
sign depends on the cooling char- 
acteristics and has to stabilize for 


December 8, 1961 





AIR FLOW—— 

















AIR FLOW—— 








AIR FLOW—4 





(B) 














AIR FLOW—4 



















































































LLLLLLLLLLLLLL ALLL LLL ALLL 





FIG. 3—Folded-tab cooling fin design (A); extended-surface cooling fins 
(B) spaced-wafer cooling design (C) 


FIG. 4—Voltage increases due to 
temperature, plotted for aluminum 
(solid line) and copper (dotted line) 
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FIG. 6—Cooling fin for wafer coil using spiral tubing soldered to metal plate (A); laminated cooling fin for wafer coil 
(B); liquid-cooled spaced-wafer design: cooling by intimate contact with wafer sides (C); water-jacket cooling design: 
cooling by transfer of heat from wafer sides through cooling fin to water jacket (D); round case with case peened 
over on ends to eliminate screws (E); square case with spacer rods (F) 


a minimum magnetic field (lowest 
current condition) at the worst en- 
vironmental condition. These de- 
signs use a fixed voltage and allow 
the current to vary from a maxi- 
mum at start to a minimum at the 
stabilized condition. Because a cur- 
rent regulator is not used, the fixed 
voltage system allows a large vari- 
ation in magnetic field. For exam- 
ple, in a fixed voltage system that 
allows a variation of plus or minus 
10 percent in voltage along with a 
plus or minus 5 percent resistance 
tolerance of the solenoid, an in- 
crease (or decrease) of 15 percent 
in current can be encountered. In 
addition the starting resistance of 
a solenoid may be up to 60 percent 
less than its final stabilized resist- 
ance. Thus the magnetic field can 
start at a level 75 percent greater 
than the nominal field. In certain 
cases this variation is not critical; 
in others, the high magnetic field is 
objectionable because it will reduce 
the r-f power output. 

Present materials for interturn 
insulation are epoxy coatings or 
Mylar film. The operating range 
is approxiamtely 180 C. Although 
the materials are rated at 150 C, 
(based on the insulation limit at 
the maximum temperature), the 
turn-to-turn voltage is less than 
0.1 volt; thus the limting factor for 
wafer coils is the melting or car- 
bonizing point of the insulation. 

Work is being carried out to de- 
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velop materials for higher oper- 
ating temperatures (350 C to 600 
C). Some materials for 350 C are 
relatively heavy (0.0006 in. thick- 
ness). Coated foils seem to be 
more practical. 

Although increased temperature 
range will reduce solenoid size, it 
also means increased power; there- 
fore, care must be taken to ensure 
system gain. Another disadvantage 
to high-temperature coil operation 
is that the tubes must be subjected 
to these temperatures. Present 
tubes will not operate above 150 C; 
the higher temperatures require 
forced cooling. New designs in 
ceramic tubes will undoubtedly in- 
crease the temperature range. 

The physical size of solenoids re- 
quires bulky metal parts to provide 
mechanical stability. Thus the iron 
parts are adequate for carrying the 
flux densities. Ocasionally where 
physical size is extremely limited, 
the metal parts are smaller and 
care must be given to saturation. 

Although saturation densities are 
seldom reached, flux leakage can 
still be a problem because of air 
gaps at the ends. In certain appli- 
cations, stray external fields can af- 
fect tube operation and must be 
shielded out. 

The magnetic circuit for a sole- 
noid is shown in Fig. 6E. The 
matching of the magnetic circuit 
through the tube shunts depends on 
the air gap allowed. The shunt may 


mate with the end plate; or the 
tube can have an air gap between 
tube and end plate. 

For wafer coils, a metal bobbin 
design can be used except that one 
end plate must be left free to allow 
mounting the individual wafer coils. 
This end plate is machined to allow 
a mechanical fit over the core tube. 
The outside case can be a slip fit 
over the end plates, or can be made 
with a shoulder as shown in Fig. 
6E. This provides for mechanical 
peening of the case to the end 
plate and eliminating screws and 
adding strength. 

Round shapes lend themselves to 
the use of conventional tubing. One 
disadvantage is the mounting prob- 
lem; this is generally handled by 
providing a matching cradle and 
then strapping around the od to 
the cradle. For heavier units, it is 
possible to weld mounting brackets 
that can be mounted conventionally. 
Where blowers are needed, special 
mounting brackets are needed for 
round units. Thus square or rec- 
tangular units are sometimes pre- 
ferred. The flat sides allow mount- 
ing both of the solenoid and the 
blower, Fig. 6F. 
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COMPLETE PRODUCTION 
under ONE responsibility 


METALLIZED CERAMICS 


An integrated source, American 
Lava Corporation offers you 60 years of experience as custom 
producers of the widest range of technical ceramics from a single 
source, plus over 10 years of metallizing experience utilizing the 
‘several metallizing processes. 


Here you have maximum range of choice in ceramic body selection, 
in metallize method selection, in metal part composition and con- 
figuration, and in facilities for inspection and testing. Centralized 
responsibility saves time, permits better control of quality. 


Bulletin 612 is now available on request. 
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Bulletin 612 has 16 pages of metal- Bulletin 613 excerpts 4 pages of stock 
lizing details to help you find just the items in low and high temperature 
right combination for your application. hermetic terminals. 


From basic ceramics through various metallizing, 
“~ plating, brazing and testing procedures in one 
plant under one responsibility at American Lava. 


A subsidiary of 
Minnesota Mining and 
Manufacturing Company 
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CALCULATING VOLTAGE REQUIREMENTS FOR 


Power-Supply Transformers 


By WILLIAM J. BATES, 
Special Products Div., 
Zenith Radio Corp., 
Chicago, Ill. 


TRANSFORMER OUTPUT VOLTAGES 
required to achieve given d-c 
output voltages can be deter- 
mined accurately by a simple, 
rapid method. In a full-wave 
capacitor-input filter circuit for 
a d-c power supply, the magni- 
tude of the d-c output voltage, 
as related to the rms value of 
the a-c input to the transformer, 
is a function of four independent 
variables: capacitance of the in- 
put capacitor, C, in farads; pow- 
erline frequency, », in radians; 
load resistance, R,, in ohms; and 
weries resistance, R,, in ohms. 

If the product of #R,C exceeds 
a certain value, it may be con- 
sidered a constant, and a system 
of mathematics may be employed 
that simplifies computation. Such 
errors as arise from this approx- 
imation are negligible in practi- 
cal applications owing to the tol- 
erance variation in components. 

The plot assumes oR,C = 100. 
With the availability of silicon 
rectifiers and high-capacitance 
electrolytic capacitors, the prod- 
uct of wR,C can be made = 100, 
that is, variations in R, may be 
compensated for by C. 

The load resistance of the cir- 
cuit is determined by the voltage 
and current requirements so it 
cannot be changed to achieve this 
end. Also, power-line frequency 
cannot be changed readily. 

The series resistance is the 
sum of transformer resistance 
and rectifier forward resistance. 
With silicon rectifiers, the recti- 
fier forward resistance is usually 
negligible compared to the trans- 
former resistance. Transformer 
resistance, determined by the 
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TRUE ONLY WHEN w RLC 5 100 

w = LINE FREQ IN RADIANS 

Ry * LOAD RESISTANCE 

C = INPUT CAPACITOR IN 
FARADS 

Ede *0-C VOLTAGE ACROSS 
THE LOAD(R;) 


Egc * THE A-C RMS VOLTAGE 
(SINE WAVE) OF THE 
TRANSFORMER (SEE FIG 
BELOW) 





eee eee | 





co 


.001 0.01 


0.1 


Ro/R, 


How Ez-./E.-c varies with R./R:z for full-wave rectifiers 


turns ratio and wire size, can be 
predicted accurately if the trans- 
former output current and ap- 
proximate a-c voltage are given. 
With the above information 
and with the aid of the curve, 
the a-c output voltage of the 
transformer can be specified. 
Example 1: A 250-v, 50-ma 
source voltage is required for the 
unregulated portion of a regu- 
lated power supply. It is to be 
operated from a 60 cps source. 
Therefore R, — 250/(50 x 10°) 
= 6000, «= 22 x 60 = 377, 
Minimum C=53 uF so that 
oR,C = 377 x 5,000 x 53 x 
10° = 100. Experience predicts 
a series resistance of 40 to 80 
ohms. This means R,/R, will 
vary between 0.008 and 0.06. 
The E,./E.. ratio will vary be- 
tween 1.35 and 1.31, which 
means that the rms transformer 
voltage required will be between 
185 and 191 v rms. This is about 
2 percent accuracy — a typical 


transformer tolerance. There- 
fore, the center value of 188 volts 
would be chosen. 

Example 2: Given a rectifier 
filter circuit with a series re- 
sistance (R,) of 100 ohms, an 
output voltage of 250v at 50 ma, 
and with #R,C S 100, what is 
the percent of regulation if the 
load is reduced to 25 ma? 

Run = iy = 5,000 ohms 
Pe. 

(25 & 107%) 
The R./R, ratio would vary be- 
tween 0.02 and 0.01. On the curve, 
E,-/E.- will vary between 1.29 
and 1.34. If transformer voltage 
is 188v, the d-c voltage will be 
188 x 1.34 = 251.9 or 188 x 
1.29 = 242.5. The regulation 
would be 3.7 percent with the 50 
percent load change. 


Riz = 10,000 ohms 
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| NEW FROM BENDIX 
> 42 RECTIFIERS 
> 3-06-12 AMP SERIES 


New Bendix silicon rectifiers offer lower current 

leakage for greater circuit stability—as low as 10 micro- 

amps at 600 volts. They’re ‘Dynamically Tested’, 

an exclusive Bendix quality control process that 

individually tests each unit to assure uniform 

reliability. The result: dependable, versatile units 

that offer a wide range of voltage capabilities 

(50 to 600 volts PRV). Designs conform to JEDEC 

DO-4 outlines—with welded case and glass-to-metal hermetic seal 
between case and anode lead. Ideally suited for applications 
including magnetic amplifiers, DC blocking units, and power rec- 
tification. Write Bendix Semiconductor Division for information 


MAXIMUM RATINGS 





Peak Reverse Forward 
Type Forward Reverse | Current 
Number Current Voltage | at PRV 








Vde @150°C @25°C 
1N1124-1N1128 200-600 - 10 wAdc 
1N1199-1N1206 50-600 |10.0mAdc — 
1N1341-1N1348 50-600 |10.0 
1N1581-1N1587 50-600 | 0.5 
1N1612-1N1616 50-600 | 1.0 
1N2491-1N2497 50-600 | 2.0 

B-443-B-449 50-600 | 2.0 




















Bendix Semiconductor Division 
HOLMDEL, N, J, 


Main Office: South Street, Holmdel, N. J.—Ph: SH 7-5400 « New England Office: 114 Waltham, Lexington, 
Mass.—Ph: VO 2-7650 « Detroit Office: 12950 West 8 Mile Road, Detroit 37, Mich.—Ph: JO 6-1420 « Midwest 
Office: 2N565 York Rd., Elmhurst, Ill.—Ph: BR 9-5050 « West Coast Office: 117 E. Providencia Ave., Burbank, 
Calif.—Ph: V1 9-3961 « Canadian Affiliate: Computing Devices of Canada, P.O. Box 508, Ottawa 4, Ont. « Export 
Office: Bendix International, 205 E. 42nd Street, New York 17, N. Y. Stocking Distributor: Contact nearest 
sales office for name of local distributor. 
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RESEARCH AND DEVELOPMENT 





System Displays Satellite Tracks 


THE FRONT COVER. Final tests of prototype satellite display system 
are made by F. Slack (seated) and F. Mellow of Air Force Cambridge 


Research Laboratories 


OPERATIONAL model of a display 
system provides up-to-the-minute 
positional information about orbit- 
ing earth satellites. The system is 
undergoing final testing at the 
Spacetrack R & D Facility at Hans- 
com Field, Mass. After final test- 
ing, the unit will be used as an aid 
in the development of advanced dis- 
play systems for use in the space 
detection and tracking system of 
the North American Air Defense 
Command. 

The prototype was designed at 
the Air Force Cambridge Research 
Laboratories at Hanscom. The op- 
erational model was constructed 
by the Pastoriza Electronics Co., 
Boston. 

Satellite tracks are presented vis- 
ually on the face of a large-screen 
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crt on which a transparent Merca- 
tor’s projection overlay of the earth 
is superimposed. Six satellite tracks 
can be displayed simultaneously. 
Real-time satellite positions are 
shown as intensified spots on their 
respective tracks. 

Satellite information is converted 
to punched teletype tape and stored 
in a computer. The data includes 
identification of a specific satellite, 
time and longitude of each south- 
to-north equator crossing, time and 
longitude of each degree of latitude 
the satellite will cross and satellite 
altitude at each degree of latitude. 

A console operator can command 
information about the status of a 
particular satellite being shown on 
the screen by directing a light beam 
at the target of interest. Additional 


information stored in the computer, 
such as satellite identification and 
altitude, then appears on the screen. 

The system is sufficiently flexible 
to allow time to be moved forward 
or backward in time for periods up 
to nine days. This capability is par- 
ticularly significant when the need 
exists for determining the position 
of a communication or surveillance 
satellite with reference to a specific 
region of the earth. 


Electron Field Emission 
Depends on Temperature 


TEMPERATURE dependence of elec- 
tron emission from metals in the 
field emission region has been veri- 
fied. In a constant field, the incre- 
mental increase in current is 
nearly linear with the square of 
absolute temperature of the emitter. 

The experiments were conducted 
by the National Bureau of Stand- 
ards over the temperature range of 
4.2 to 400 K with a field emission 
microscope using tungsten as the 
emitter. Similar measurements 
were made with niobium, which is 
superconducting below 9.2 K. 

In the region of thermionic emis- 
sion, electrons in metals acquire 
sufficient thermal energy to sur- 
mount the potential barrier at the 
metal surface. Field emission, 
which can ocur near absolute zero, 
requires a field of about 10’ volts 
per cm*. Electron emission results 
from quantum tunneling through 
an approximately triangular bar- 
rier at the metal surface. In the 
transition region, both types of 
electron emission can take place. 

The temperature range is about 
0 to 400 K for field emission, 400 
to 800 K for the transition region 
and above 1,200 K for thermionic 
emission. Although the thermionic 
and transition regions have been 
studied, the effect of temperature in 
the field emission region had not 
been experimentally checked with 
theoretical prediction. 

Temperature dependence in the 
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The challenge stirs the imagination and ingenuity Tech scientists have also tackled the job of finding 
of man perhaps more than any other in history. a flexible ceramic for insulating the electrical sys- 
And in the drive to conquer the almost unthink- tems in missiles and aircraft. Few earth materials 
able infinitude of the heavens, Georgia Tech sci- have been exposed to the strange environment of 
entists joined the task early and have kept pace space. Research at Georgia Tech will tell us which 


with space technology and developments. G p G E materials will stand the test before they are 


Notable achievements have been made in sent on a journey to the stars. We are proud 
ceramics for rocket nose cones and work is of Georgia Tech’s contributions. GASA will 
being pressed forward in developing protective draw heavily on the school’s resources in helping 
coatings for space ships re-entering earth’s at- make America’s space program a success. Your 
mosphere with the speed of a shooting star. Heat- inquiry for information on this resource in re- 
fighting nozzles are being created for uncooled search will be held in strict confidence. 

solid propellant rockets. Another project may con- S. Ernest Vandiver, Governor, State of Georgia 
tribute to a nuclear propulsion system. Georgia Executive Offices, State Capitol, Atlanta, Georgia 
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field emission region was deter- 
mined using a specially designed 
field emission tube operated in 
liquid helium. The emitting tung- 
sten tip was attached to a tantalum 
loop that served as the thermom- 
eter, and resistance was measured 
by a four-terminal network. 

The resistance - temperature 
curve was determined by calibra- 
tion at several constant-temperature 
points. Required temperatures 
were obtained by heating the loop 
resistively using an adjustable cur- 
rent source. The field applied to the 
tungsten emitter at 4.2 K was suffi- 
cient for an emission of 2.6 x 10 
amp. Current flow through the 
measuring device was nulled and 
emitter temperature was raised. 
The current increment, which was 
as small as 10-* amp at low tempera- 
tures, was measured as a function 
of the temperature. The measure- 
ments confirmed the theoretical ex- 
pectation that the current incre- 
ment would vary approximately 
linearly with the square of absolute 
temperature. 

The investigation also showed 
that field at the emitter surface can 
be calculated from the slope of the 
plot of emission current as a func- 
tion of temperature squared. Field 
determined in this way was in ex- 
cellent agreement with that calcu- 
lated from electron microscope pic- 
tures of the emitter. Average field 
can be determined in-place from the 
line slope, avoiding the complexities 
of calculation from _ irregularly 
shaped tips. 

When the temperature of a nio- 
bium emitter is raised from 4.2 K 
to above 9.2 K, a current increment 
should arise from the effect of tem- 
perature on field emission and also 
from the elimination of the energy 
band gap in the superconducting- 
to-normal transition. This band 
gap, predicted theroetically, has 
been demonstrated experimentally 
in other laboratories with low field 
tunneling experiments. In the pres- 
ent investigation, calculations for 
the current increment of the nio- 
bium emitter resulting from the 
superconducting-to-normal transi- 
tion indicated an easily measurable 
effect. However the current incre- 
ment attributable to the transition 
was absent in the experiments, sug- 
gesting either that the emitter sur- 
face had not been superconducting 
even in the absence of the field, or 
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that superconductivity in high 
fields can be quenched at the sur- 
face. 


Crystal Growing Process 
Makes Silicon Ribbons 


THIN RIBBONS of silicon are being 
produced by a new form of crystal 
growth that could have a significant 
affect on the production of semi- 
conductor devices. The near-perfect 
crystals are uniform in thickness 
and width. 

The process, developed at Bell 
Laboratories by E. S. Greiner, J. A. 
Gutowski and W. C. Ellis, was re- 
ported at a meeting of the Metal- 
lurgical Society of AIME. The rib- 
bons of silicon grown from vapor 
are so thin that they are semitrans- 
parent. Thickness is typically one 
micron and ranges from 0.1 to i5 
microns, and the ribbons are about 
0.1 mm wide and 1 to 3 cm long. 

In the process, silicon is reacted 
with iodine and hydrogen, with 
small amounts of arsenic and nickel, 
at high temperatures in a closed 
tube. The ribbons, together with 
silicon whiskers of a hexagonal 
cross-section, grow rapidly in the 
hot tube. 

The ribbons contain few or no 
crystal defects except for a single 
twin plane (junction of mirror- 
image crystals) parallel to the rib- 
bon surface. The crystalline per- 
fection makes the ribbons quite 
strong, and their extreme thinness 
makes them quite flexible. 

The single twin plane existing in 
all ribbons observed is a central 
part of a theory developed by R. W. 
Wagner and R. G. Treuting of Bell 
Labs that explains some of the 
main mechanisms of ribbon growth. 
The twin plane with an apparent 
growth-poisoning effect of certain 
impurities causes rapid growth in 
the length of the ribbon but rela- 
tively slow growth in width and 
thickness. 

The nearly perfect surface and 
the uniform thickness and width 
suggest the possibility of incor- 
porating the crystal ribbons directly 
into semiconductor devices with 
little or no mechanical preparation. 
However, considerable development 
would be required before the ribbort 
process could be used in commercial 
devices. 





Seqctent-ceteage transformers 
d-c power supplies conven- 
iently available nation-wide. 


ALABAMA 
Birmingham — 
James W. Clary Co. 
M-G Electronics & Equipment Co. 
ARI = 
Pinole 4 Special C 
idlan ecialty Co. 
CALIFO RNIA 
Slendat 
R. V. Weatherford Co. 
Los Angeles — 
Federated Purchaser, Ing, 
Oakland — 
Brill Electronics 
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R. V. Weatheror Co. 
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Electronics Supply Corp. 
San Francisco — 
Pacific Wholesale Co. 
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Denver — 
Denver Electronic Supply Co. 
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L. B. Walker Radio Co. 
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Sprague Electrical Supplies 
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in a-c and d-c 
regulated power 


thru this nationwide network of distributors 


Indianapolis — 
Graham Electronics Supply 
Radio Reouaeing Co. 
South Bend — 
Radio instributing Co., Inc. 
IOWA 
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TCR “Pretributors 
Des Moines — 
Gifford Brown, Inc. 
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Wichit 
interstate Electronic Supply Corp. 
KENTUCKY 
Lexington — 

Radio-Electronic Equipment Co., Inc. 
Louisville — 

P. |. Burks Co., Inc. 
LOUISIANA 
New Orleans — 

Southern Radio Supply Co. 
MARYLAND 


Baltimore — 

Wholesale Radio Parts Co., Inc 
Bethesda — 

Empire Electronic Supply Co. 
Silver Springs — 

Kenyon Electronics Corp., Inc 
MASSACHUSETTS 
Boston — 
.. DeMambro Radio Supply Co. 

A. W. Mayer Co. 

Radio Shack Corp, 
Cambridge — 

Electrical Supply —-. 

MacAlaster Bicknell 
Newton — 

Cramer Electronics, Inc. 
Springfield — 

T. F. Cushing, Inc. 

Soundco Electronic Supply Co., 
MICHIGAN 
Ann Arbor 

Wedemeyer _ Electronic Supply Co. 
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ene Sew Corp. 
Detroi 

Radio. Specialties Co., 
Jackso 

Fulton Radio Supply Company 
Muskeg 

Western Electronic Supply Co. 
MINNESOTA 
Senaeche — 

Lew Bonn Co. 

Northwest Electronics Corporation 

Stark Electronics Supply Co. 
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four State Radio Supply Co. 
Kansas City — 

Burstein- Applebee Co. 
St. Louis — 

Walter Ashe Radio Co. 
NEBRASKA 

Omaha — 

Radio Equipment Co. 
NEW JERSEY 
Mountainside — 

Federated Purchaser, Inc. 
NEW MEXICO 
Albuquerque — 

Radio —* Co., 
NEW Y 


Albany — 
Ft. Ovange Radio Dist. Co., Inc 


t. Paul — 
Gopher Electronics Co. 
OURI 


Binghampton — 
Federal Electronics, Inc. 
Buffalo — 
Radio Equipment Corp. 
Summit Distributors, Inc, 
Elmira — 
Brady Supply Corp. 
Long | Island City — 
Dalis, = 
Lynbrook a. 
Peerless Radic Distributors, Ind. 
Mineola L. |. — 
Arrow Electronics, Inc. 
New York — 
Harvey Radio Co., Inc. 
Milo Electronics ‘Corp. 
Terminal Hudson Electronics, Ind, 
Poughkeepsie — 
Chief Electronics, Inc. 
Rochester — 
Requa Electrical Supply Co., Ino, 
Rochester Radio Supply 
Rome — 
Rome Electronics, Inc. 
Schenectady 
lectric City Radio Euvoly 
N ween s pees 
Ashevi 
Freck Radio Supply Co. 
Raleigh — 
Southeastern Radio Supply Co., 
Winston-Salem — 
Dalton Hege mee Supply Co. 
NORTH DAKOTA 


Fargo 
Bristol [ Distributing Co. 
OHIO 


Akron — 

Akron oy! Supply, Inc. 

The Sun Radio Co. 
Cincinnati — 

Herrlinger Distributing Co. 

United Radio Incorporated 
Cleveland — 

Pioneer Electronic Supply Co, 

Radio & Electronic Parts Corp, 
Columbus — 

Hughes-Peters, Inc. 


Dayton — 
The John A. Becker Co. 
Srepco, Inc. 


ima — 

Lima Radio Parts Company 
Toledo — 

Warren Radio Company 
Youngstown — 

Ross Radio Co. 
OKLAHOMA 
Tulsa 

= ineering Supply Company 


. a °. "Radio Supply 
OREGON 
Medford — 
Verl G. Walker Co. 
Portland — 
Central Distributors 
Lou Johnson Co., Inc. 
Stubbs Electric Co. 
United Radio Supply, Inc. 
PENNSYLVANIA 


Erie — ; , 
Erie Industrial Electric Supply 

Warren Radio, Inc. 
Indiana — 

Fischer-Scientific Co. 

(instrument Div.) 

Philadelphia 

Herbach rs Rademan, Inc. 


Pittsburgh — 

Cameradio Co. 

Fisher Scientific Co. 

Radio Parts Co., Inc. 
State College — 

Alvo Electronics L Seeatere, ine 
RHODE ISLAN 
Seaadions oo 

Wm. Dandreta & Co. 
SOUTH CAROLINA 
Charleston 

Wholesale Radio Suppiy Co. 
TENNESSEE 
Kingsport — 

Radio Electric Supply Co. 
Knoxville 
ae Electrical Supply Co. 

em 

Bluff city Distributing Co. 
Nashville— —_ 

Cet Distributing Co. 
EXAS 


Dallas 
Engineering Supply Co. 

mal Electronic Supply of Dallas 
1P. 
Midland Specialty Co. 

Houston — 
Busacher Electronic Equip. Co., Inc. 
Harrison Equipment Co., Inc, 
Sterling Electronics, Inc. 

UTAH 


Salt Lake City — 
Standard tad Co. 
VIRGINIA 
Charlottesville 
Virginia Radio Supply Company, Inc. 


WASHINGTON 
Everett — 

Pringle Radio Wholesale Co. 
Seattle — 

Pacific Electronic Sales Co. 

Seattle Radio Supply, Inc. 

Western Electronics Co, 
Spokane — ; 

Northwest Electronics, Inc. 
Tacoma — 

C & G Electronics Co. 

Wible Radio Supply, Inc. 
Walla Walla — 

Kar wee & Electric Co. 
WEST VIRGINIA 
Beckle 

ChemCity y Electronic Distributors 
Huntington 

West Virginia a Electric Supply Co. 
WISCONSIN 
Madison — 

Satterfield Electronics, Inc. 
Milwaukee — 

Radio Parts Co., Inc. 


S-52-61 


[SOLA |e 


9% 
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DIVISION OF BASIC 
PRODUCTS CORPORATION 
SOLA ELECTRIC CO., 1717 Busse Road, 
Elk Grove Village, Ill., HEmpstead 9-2800 
IN CANADA, Sola Basic Products Ltd., 
377 Evans Ave., Toronto 18, Ontario. 
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COMPONENTS AND MATERIALS 





Ferrite Improvements Extend Core Use 


By C. J. KUNZ, JR., 


Chief Engineer, Ferroxcube 
Corporation Of America, 
Saugerties, New York 


LARGE QUANTITIES of ferrites are 
now being used in a variety of ap- 
plications operating in a frequency 
range of a few hundred cycles per 
second to several hundred mega- 
cycles per second. 

These applications include trans- 
formers, filters, delay lines, loading 
coils, modulation reactors, chokes, 
accelerators, pulse networks, pulse 
transformers, amplifiers, oscillat- 
ors, antenna tuning devices, vari- 
able inductors, decoder and encoder 
discs, recording heads, memory 
cores, switch cores, tuning slugs, 
a-c d-c, and d-c d-c converters, high- 
frequency lighting, and other spe- 
cialized electronic devices. 

The growing popularity of fer- 
rites is attributed to their desirable 
electrical or magnetic properties 
and to the ultimate cost of the com- 
ponent utilizing a ferrite core. 


Higher Permeabilities 


Continuing material advance- 
ments are succeeding in extending 
the frequency range over which 
metals offer equal or better per- 
formance. A few years ago, ferrites 
with permeabilities from 500 to 700 
were the best that could be ob- 
tained. Today, permeabilities of 
ferrites range from 2,700 to 5,000. 
In the not too distant future, ma- 
terials are promised with initial 
permeabilities in the range of 15,- 
000. And it is apparent that we 
are at the stage where more care- 
ful evaluation should be given to 
ferrites before the core is selected 
for a particular design. 

The use of a non-ferrite core in 
a magnetic application often results 
in higher associated core losses. 
The largest part of this total core 
loss is caused by eddy current flow 
in the core itself; in other words, 
the I°R loss, where I is the effective 
value of the eddy current and R 
is the d-c resistance of the core 
material. 

This eddy current loss becomes 
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10° 


FREQ IN CYCLE/SEC 


Typical Q curve for a particular 
pot core configuration 


prohibitive as the frequency is in- 
creased—and for the non-ferrite 
materials, a reasonable limit is 
reached at a relatively low value of 
frequency. Extension of the useful 
frequency range can be obtained by 
laminating the core or by using 
powdered iron, but still a practical 
frequency limit is reached far be- 
low that required by fast, present 
day circuits. 

In addition to the power losses, 
eddy currents can produce other 
undesirable effects. In recording 
heads, for example, they reduce the 
effective permeability and flux den- 
sity in the region of the gap. 

The outstanding advantage of 
ferrite is that it almost entirely 
eliminates these eddy current prob- 
lems because its material resistiv- 
ity is from 10° to 10” higher than 
other present day metal type cores. 

Another advantage of ferrite is 
that its permeability is constant as 
a function of frequency over a wide 
frequency range. Some ferrite ma- 
terials have a relatively constant 
permeability from a few hundred 
cycles to several hundred mega- 
cycles and this results in a constant 
flux density, or constant inductance, 
as a function of frequency. 

In most jlaminated or powdered 
iron cores, the permeability starts 
to drop off immediately above sev- 
eral hundred cycles, or a few kilo- 
cycles per second. This change in 
permeability, flux or inductance as 
a function of frequency is actually 
related to the eddy current flow in 
the core. 

This eddy current flow gives rise 


to an imaginary component of per- 
meability. Although the core is 
driven with a constant magnetizing 
force, the magnitude of the real 
component of the permeability 
drops off as the imaginary compo- 
nent increases. Iron and steel have 
high losses at low frequencies and 
therefore, the real component of 
the permeability which is of inter- 
est, must start to drop off immedi- 
ately at these low frequencies. 

The lower losses of ferrite also 
give rise to higher Q components. 
In recording heads, and especially 
in erase heads, less driving power 
is required. Ferrites are also ex- 
tremely well suited to low-power 
transistor applications. 

In analyzing component construc- 
tion costs, use of one piece of fer- 
rite core assembly results in a 
considerable cost advantage over 
laminations. In many cases, there 
will also be a considerable saving in 
the size of the component. 


Ferrite Applications 


In general, there are no restric- 
tions as to ferrite core shapes. 
Laminated cores are often subject 
to definite shape restrictions. And 
laminated matting surfaces, cold 
worked in the finishing process, can 
result in the loss of magnetic prop- 
erties at the surface of the material. 
This effect is the equivalent of an 
enlarged inherent air gap in the 
magnetic path and a consequent re- 
duction in the value of the effective 
permeability for the core assembly 
over that of the bulk material. 

Certain types of steel are sub- 
ject to magnetic deterioration as a 
result of shock, a characteristic not 
present in ferrite materials. 

Considerable savings in wattage, 
reduction in required power drive 
and increase in efficiency occurs in 
the component employing a ferrite 
core. As the frequencies increase 
from the higher audio to lower r-f 
range, the loss reduction is partic- 
ularly significant. 

Special consideration should be 
given to the wide frequency range 
over which permeability of the fer- 
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GS) ELECTROLYTIC CAPACITORS—Reliability is our first ingredient 
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Actual size 50V (lvuf) 


The “space saver” of Tantalytic* Capacitors 


Because it packs the most uf into the 
smallest package, the General Electric 
62F510 Porous Anode Tantalytic Ca- 
pacitor frees up valuable circuit space. 
It’s the smallest (.075” x .250”), lightest 
(15 grams) 85C tantalum capacitor. 

Though small, it provides more V-uf 
than larger units. In fact, it has almost 
four times greater volumetric efficiency 
than the smallest solid type. 


* Reg. Trade-mark of General Electric Co. 


But it offers superior reliability be- 
cause of these special features: 
1. Non-acid electrolyte. No free liquids 
are used. “Gel” electrolyte eliminates 
acid-attack problems. 
2. Paper spacer between case and 
anode prevents impurity migration and 
scintillation at the anode. 
3. Re-healing capability contributes to 
long life in rugged applications includ- 


ing high ripple and low impedance. And 
it’s used at full-rated voltage at 85C! 

Yet, this G-E unit is lower in price 
than other tantalum types, and the low 
price includes insulated sleeving. 

Ask your G-E Sales Engineer about 
the five case sizes rated from 60V 
(2.5uf) to 6V (325uf). Or write for 
bulletin GEA-7008 to General Electric 
Co., Schenectady, N. Y. Capacitor 
Dept., Irmo, S. C. 430-04 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 


General Electric also offers these reliable Tantalytic capacitors 





HIGH-RELIABILITY oN 
FOIL AND SOLID s 


“A CASE” 
TANTALYTIC 
CAPACITORS 

Bulletin 
GEA-7226 


CAPACITORS 
Bulletin 


GEA-7227 J | 
6:4 
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HIGH-VOLTAGE 
TANTALYTIC 
CAPACITORS 
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125€ CYLINDRICAL 
TANTALYTIC 
CAPACITORS 
Bulletin 


GEA-7085 
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Tolerance Buildup No Bugaboo with 
Punched Laminated Plastics Parts 


The compounding of individual tolerances on several punched holes 
or cutouts over the length of the piece is not the bugaboo that 
many designers believe. Careful die work and good working knowl- 
edge of the laminate used minimizes tolerance buildup. A good 
example of what can be done is the insulated pusher fabricated 
by Taylor for a high-performance crossbar switch manufactured 
by James Cunningham, Son & Co., Inc., Rochester, N.Y. 

These switches are 3-dimensional conductor matrices, with from 
30 to 1200 switching contacts, which bring intelligence from as 
many as 600 sources to one or more readout or signal points. 
They are basic components in computers, machine tool program- 
ming systems, high frequency scanning systems, thermocouple 
and strain gage monitoring, and similar equipment. 

The insulated pusher, only 2.955 in. long and .031 in. thick, and 
fabricated from Taylor Grade GEC-500 glass epoxy laminate, is a 
critical part of the crossbar. It must be held flat within +.005 
in., with total over-length buildup not exceeding +.002 in. 

The materials used before to fabricate the pusher proved 
difficult to hold to the tolerances required. The success of the 
GEC-500 laminate fabricated by Taylor is evidenced by marked 
reduction in rejects and a 20% gain in production. 

Taylor Fibre’s Fabricating Division has the manpower, experience 
and equipment to produce parts to close tolerances from any of 
the company’s raw materials. Send us your problem—we will 
recommend the best material for the job and quote on production 
runs. Write Taylor Fibre Co., Norristown 40, Pa. 


aylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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rite remains constant. Also rea- 
sonably high Q values at relatively 
low frequencies are possible when 
ferrite cores are employed. 

Compromises which are made in 
selecting ferrite for lower fre- 
quency applications sacrifice per- 
meability to obtain the advantages 
of lower losses, constant permeabil- 
ity, and perhaps higher Q. 

At the present time, ferrite is not 
the answer to all design problems. 
However, in the light of the present 
rate of industry growth and ad- 
vancements which have been made 
in the state of the art, the ferrite 
application potential should be re- 
viewed by design engineers. 

A check list to consider when se- 
lecting a material for inductance or 
magnetic application requiring a 
magnetic core includes: core costs, 
efficiency, ease of installation, re- 
quired accuracy in the duplication 
of parts, size of core, possible core 
configurations, power requirements, 
frequency of operation, power 
losses, environmental effects, me- 
chanical requirements, cost of as- 
sembly, overall initial and long 
range cost of the component. 


Joining Thermoelement 
To Ohmic Contacts 


A NEW material for bonding lead 
telluride was announced last week 
by General Instrument Corpora- 
tion, as a development in the field 
of thermoelectric power generation. 
Lead telluride is today’s leading 
thermoelectric material. 

Bonding lead telluride has been a 
major problem. Because a thermo- 
electric generator uses many ther- 
mocouples in series, the ohmic re- 
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sistance loss of the bimetal joints 
adds up and limits over-all efficiency. 
Mechanical joints are expensive 
and unreliable; present brazing 
methods tend to pollute the telluride 
by “doping” and thus further re- 
duce efficiency. Because of these 
losses, thermoelectric generators 
have to be heavily over-designed. 

The new material, called Gener- 
alock, makes joints with resistance 
of the order of 10 microohms per 
square centimeter; this is claimed 
to be an improvement of one or two 
orders of magnitude over present 
methods. The new bonds are me- 
chanically stronger than metal, and 
thus reliable. Company claims there 
are no detrimental effects on the 
lead telluride. 

Main effect of the new develop- 
ment will be to reduce the cost, size 
and weight of thermoelectric gen- 
erators by eliminating most of the 
ohmic losses and thus saving ther- 
moelectric material. Company has 
built generators with capacity of 
150 watts per pound of material, 
compared to previous best of 40 
watts per pound. Thermal conver- 
sion efficiencies are 7 to 8 percent. 

The company predicts that it will 
manufacture generators to sell at 
$10 per watt of capacity, a five to 
ten times reduction over present 
prices. Eventually the bonding 
process is to be made available un- 
der license to other manufacturers. 
Bonding powder is applied to 
basic element of thermoelectric gen- 
erator. Powder melts under heat, 
provides strong joint. Thermocou- 
ple at rear consists of two pellets 
of semiconductor material joined by 
metallic strip. 


New Getter Coatings 


THE NON-FLASH getter, Ceralloy 
400, is now available in the form 
of vacuum sintered coatings on 
molybdenum, kovar, and inconel, in 
addition to nickel which was pre- 
viously available. 

These products were developed at 
the request of vacuum tube engi- 
neers who require uniformly repro- 
ducible coatings, vacuum sintered 
to suitable substrates. 

The new getters are available, in 
production quantities, as strips 
measuring 1 « 0.005 x 9.0 in., 
coated on one or both sides with 
Ceralloy 400. 
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Measures 
wide 
range of 


waveforms 


with 


For highly accurate voltage measurements, the uncertainty introduced by waveform 
distortion limits the use of average and peak-responding instruments. The Model 350 
is a 0.25% accurate, true rms-responding instrument designed to overcome this limi- 
tation. It provides the engineer with a rugged, reliable and easy-to-use laboratory or 
production line instrument. It will measure a periodic waveform in which the ratio 
of peak voltage to rms is not over 2. 

The method of measurement with the Model 350 is similar to balancing a bridge: four 
knobs are set for minimum indication and the unknown voltage is read directly from 
a 4 to 5 digit NIXIE® in-line readout. The precision exceeds the stated accuracy by 
5 to 10 times. Price: $720. 


SPECIFICATIONS 


Voltage Range...... 0.1 V to 11999 V Frequency Range...... 50 cps to 20 ke 
Accuracy. %%, 100 cps to 10 kc, 0.1 V Max Crest Factor ...cccoccsessseses 2 
to 300 V; 42% outside these limits Input Impedance .... 2 M® shunted by 
15 pF to 45 pF 

Write for brochure giving many more detailg 


= Since 1932 = 


PY BALLANTINE LABORATORIES ive 


—/ Boonton, New Jersey 


CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS 
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC/DC AND DC/AC 
GNVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES. 


ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS TO 1,000 MC. 
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BALLANTINE True RMS VIVM 
model 350 


14% ACCURACY 
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PRODUCTION TECHNIQUES 





Groove-cutting and element winding machine is a spe- 


cially designed lathe 


room” 


Precision trimmer potentiometers are assembled in “clean 


Diamond Cuts Groove for Linear Potentiometers 


TO PRODUCE good linearity in pre- 
cision trimmer potentiometers, 
Daystrom Potentiometer Div., 
Archbald, Pa., makes sure that the 
winding itself is highly linear. 
Since there are residual non-lineari- 
ties in element wire stock, the prob- 
lem boils down to controlling the 
spacing between each of the wind- 
ings of the resistance element on 
the mandrel. 

The problem in winding a highly 
linear element in the conventional 
way is the uneven surface of the in- 
sulation on the mandrel. While ir- 
regularities can be minimized, they 
cannot be completely eliminated. 
Consequently, wire spacing varies 
slightly and, in addition, some wires 
are high, some low. This can cause 
uneven wear and eventually an open 
element. 

While linearity is reduced by an 
uneven mandrel surface, forming 
the element into a circle or a helix 
after winding allows the wire to 
move again. A wire not quite in a 
surface “valley” may slip into the 
valley during the bending opera- 
tion. To minimize this effect, the 
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element wires are often cemented 
in position before the element is 
formed. If too hard a cement is 
used, however, strain gauge effects 
will be noted in the completed po- 
tentiometer and the temperature 
coefficient will be high and non- 
linear. Moreover, when the cement 
covers the element portion to be 
contracted by the wiper, it must be 
removed by buffing. 

To remove cement from a low 
wire, it may be necessary to buff 
off part of the high wires next to it. 
This increases the resistance of 
that turn and causes more non- 
linearity. 

To eliminate the above problems, 
Daystrom developed a special proc- 
ess for winding the element. The 


a RESISTANCE 
WIRE 


WAN 


\ DOO Po 
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Each turn of the resistance element 
lies in its precision-cut groove. 
After the element is wound, it is 
formed into a circle or helix 


insulated mandrel is fed into the 
winding machine where a diamond 
tool cuts a groove, producing an 
endless helix or screw thread on the 
mandrel. The uninsulated resist- 
ance wire is wound tightly, using 
electronic controls, into this con- 
tinuous groove. 

The tight fit between groove and 
wire essentially locks the wire in 
place. No movement is caused by 
forming and no cement of any sort 
is required. The result is an ele- 
ment whose linearity depends solely 
on the accuracy to which the circle 
or helix is formed; linearity of the 
completed potentiometer depends 
on its mechanical design (Square- 
trim or rotary). Linearity remains 
good through rated temperature, 
cycling, shock, and vibration speci- 
fications. 

The wire-winding machine is a 
specially designed, patented lathe. 
The mandrel is made from copper 
wire, from 0.025 to 0.085 inch di- 
ameter. Mandrel insulation is Ther- 
maleze or Teflon and the resistance 
wire is either Cupron, Evenohm or 
Karma, from 0.004 to 0.010 inch 
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Electrostatically focused BWOprovides 
smaller, lighter X-band signal source 


New Raytheon tube combines advantages of back- 
ward wave oscillators in rugged compact package 
ideal for airborne and missile use. 


The QKB 830 is especially suitable for local oscillator service 
in airborne, shipboard, or ground-based equipment such as 
anti-jam radar receivers. A wide-range tube, it can be tuned 
from 8.5 to 9.6 kMc by varying a single electrode voltage. 


The small size and low voltages of the QKB 830 permit its 
use as a direct replacement for mechanically tuned klystrons 
in existing systems. It is also adaptable to many other appli- 
cations requiring a voltage tunable source having provision 
for low-voltage pulsed or amplitude modulation. 


Write today for technical data or application service to 
Microwave and Power Tube Division, Raytheon Company, 
Waltham 54, Massachusetts. In Canada: Waterloo, Ontario. 


QKB 830 GENERAL CHARACTERISTICS 
(Typical CW Operation) 


Power Output 
PN odo 0k nabonsbadackas ....- -8.5-9.6 kMc 
Voltage Requirements 
Tuning Voltage 150-250 Vde 
Focus Voltage .....300 Vde 
Filament Voltage een 
73 ..50 G's 
Cooling ... convection 
Overall Length .. sneha Wh 
WT cai ccccahintinapnndnscsseseuaseicanecatenieeess 1.5 Ib. Max, 


RAYTHEON COMPANY 


MICROWAVE AND POWER TUBE DIVISION 


QIRCLE 83 ON READER SERVICE CARD 











84 





AND-OFF INSULATORS 
FOR MODERATE 
OR HEAVY DUTY 





For years, Lapp has been a major supplier of stand-off 
insulators to radio, television and electronics indus- 
tries. Wide knowledge of electrical porcelain applica- 
tion, combined with excellent engineering and produc- 
tion facilities, makes possible design and manufacture 


of units to almost any performance specification. The 





insulators shown on this page are representative of 
catalog items—usually available from stock—and cer- | 
tain examples of special stand-offs. The ceramic used | 
is the same porcelain and steatite of which larger Lapp | 
radio and transmission insulators are made. Hardware | 
is brass or bronze; brush nickel plating is standard. | 

Write for Bulletin 301 with complete description | 
and specification data. Lapp Insulator Co., Inc., Radio 
Specialties Division, 186 Sumner St., Le Roy, N. Y. 
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diameter. Spacing between turns 
runs from 0.001 to 0.005 inch. 

Because of the care with which 
all potentiometer parts are treated, 
rejects at final inspection are low. 
Potentiometers have a guaranteed 
1 percent maximum defect A.Q.L. 
per MIL Standard 105, proposed 
MIL R27208A. All potentiometers 
are inspected for at least 25 elec- 
trical, physical, and environmental 
characteristics. As a result, poten- 
tiometer A.Q.L. is only a fraction 
of 1 percent. 


Automatic Driller 
For Printed Circuits 


FULLY ANTOMATIC printed circuit 
drill for drill component fixing holes 
in printed circuit boards, has been 
developed by Ferranti Ltd., Hollin- 
wood, Lanc., England. Two-stage 
positioning and drilling to a grid 
system speeds drilling and increases 
accuracy. 

Machine has twin drilling heads, 
allowing either tandem or single 
spindle operation, a hydraulically 
operated coordinate table, and a 
control system that enables machine 
to work unattended except for load- 
ing and unloading. 

Drilling table is moved on both X 
and Y axes by hydraulic jacks. 
Rough positioning is by perforated 
template and photocell, fine posi- 
tioning by a mechanical indexing 
system using the meshing of a half- 
nut and precision rack. Positional 
accuracy is to 0.001 inch, and re- 
peatability is also to within 0.001 
inch. Drilling is carried out to a 
grid system, holes being drilled in 
a systematic pattern of rows and 
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columns. Basic spacing between 
rows of the grid system is deter- 
mined by the pitch of the precision 
rack thread associated with row 
alignment. A similar rack is used 
for column alignment. 

A perforated template is mounted 
on an extension of the 20 x 14 in. 
drilling table; wherever a hole in 
the template coincides with the 
light beam, the photocell is stimu- 
lated to give a signal to the control 
system. This signal initiates stop- 
ping the table, locking it in position 
and starts drilling action. When 
drilling is complete, the table is 
moved automatically for the next 
drilling operation. Each row of the 
drilling pattern has a marker hole 
to make the table move to the next 
row after one row has been com- 
pleted. 

The machine can accommodate a 
stack of boards up to 124 by 18 in., 
with maximum drilling dimensions 
of 114 by 174 in., or two stacks of 
smaller boards for simultaneous 
drilling. A typical application, drill- 
ing 288 holes in each of two stacks 
of four boards, required 144 
minutes. 


Circuit Overlay Spots 
Solder Bridges 


Solder bridges can occasionally 
pass undetected through visual in- 
spection of printed circuit boards 
when inspectors develop eyestrain 
or fatigue, or when the solder 
bridge has the shape of a land. 
Kollsman Instrument Corporation, 
Suosset, New York, detects false 
lands by using a positive of the con- 
ductor pattern as a test pattern. 
When the positive, clear film, is 
placed over the board, the black 
pattern hides the conductors. Any 
bridges are readily seen through 
the clear areas of the film. The 
visual aid also speeds up board in- 
spection, since, with the board 
known to be free of bridges, only a 
few seconds are needed to scan for 
misrouted patterns 
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AYDON 


COMPANY 


235 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
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Differential Transformer 


FOR INDUSTRIAL AND MILITARY USE 


HUMPHREY, INC., 2805 Canon St., 
San Diego 6, Calif. Differential 
transformer converts linear move- 
ment into an easily read a-c signal. 
Typical applications include use in 
hydraulic actuators, feedback de- 
vices and other servo systems used 
m missiles. Unit provides an inte- 
gral self-aligning mounting bracket, 


' 


Miniature Parts Handler 


eliminating transformer coupling 
errors caused by placing a metal 
ring around the instrument to 
mount it. Characteristics include 
output voltage scale factor constant 
to within 3db from 60 cps to 20 
Ke, low output impedance. 


CIRCLE 301 ON READER SERVICE CARD 


VERSATILE AND DEPENDABLE 


MINI-TOOL INDUSTRIES, Box 84, 
Highbridge Station, New York 52, 
N. Y. The Mini-Vac II parts han- 
dling system uses vacuum suction 
to move and manipulate tiny, deli- 
cate components quickly and safely. 
Electromagnetic vacuum pump, Ty- 
gon tubing, stainless steel pickup 


tips, suction cup adapters and fin- 
ger-actuated pickup pencil comprise 
the basic system. Vacuum is finger- 
tip controlled by covering, or un- 
covering, the by-pass opening in 
pickup pencil. 
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Power Transistors 
GERMANIUM TYPE 


MOTOROLA SEMICONDUCTOR PRODUCTS 
INC., 5005 E. McDowell Rd., Phoe- 
nix, Ariz., announces 30 and 60 amp 
germanium power transistors with 
saturation resistance as low as 
0.009 ohm, the approximate equiv- 
alent of a 3-in. length of No. 26 
copper wire. Units are suited for 
regulator purposes in power sup- 
plies and for switching applications 
where only small voltage drops 
across the transistor can be toler- 
ated, even at exceptionally high cur- 
rents. 
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Static Relay 
SOLENOID-ACTUATING 


KIDDE ELECTRONIC LABORATORIES, 
Walter Kidde & Co., Inc., Belleville 
9, N. J. Model WK-BYN-6 static 
relay eliminates problems of arcing 
in the switching of heavy inductive 
loads. Contact employed is a bi- 
stable semiconductor. Its sole stable 
states are a low-impedance or “on” 
state and a high-impedance or “off” 
state. Absence of moving parts and 
elimination of arcing assure relia- 
bility and long-life operation. Relay 
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lamas TANTALUM FILM 10 MC FLIP-FLOP CIRCUIT 
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Ps INPUT 


HERE’ S HOW TI EXTENDED PERFORMANCE—Yes, you can have extended performance 
Tl Tantalum Film Circuits today—Circuits giving you 3 major benefits: 1. Reliable 

semiconductor components— ymesa* the highest power/volume silicon transistor 

MICRO available today— MICRO/G* diode for space saving economics with all the electrical 

parameters of the famous MOLY/G* diode; 2. Passive components 

MINIATURIZATION are tailored precisely to your individual circuit requirements— Tantalum 
Film techniques allow precision control of resistor and capacitor 

elements; 3. Tl Tantalum Film Circuits manufacturing facitity is now in production... 

CAN HELP utilizing single Tantalum Film technique and hermetically sealed active components . . . 


to give you the potential for improved circuit performance. CIRCUIT VERSATILITY 
YOU NOW! —Your particular low-level circuit requirements can be fabricated for rapid delivery. 
w PRECISION CIRCUITS—TI Tantalum Film Circuits, with precise control of all components, offer 
you custom-quality circuits with space savings not previously available. ™§ Let TI help you adapt your designs to Tantalum 
Film Circuits at surprisingly low costs. Write today for more 


information: Texas Instruments Incorporated, Department 588, P. 0. 
Box 5012, Dallas 22, Texas. 





*Trademarks of Texas Instruments Incorporated 


CAPACITORS. DIODES 
RECTIFIERS. RESISTORS 


SEMICONDUCTOR NETWORKS I N Cc Oo R P Oo R A T E D 


SILICON CONTROLLED RECTIFIERS 13500 N. CENTRAL EXPRESSWAY 
P.O. BOX 5012 ¢ DALLAS 22. TEXAS 


COMPONENTS DIVISION i TEXAS IN ST RU M EN TS 


18588 





AOR IE OIA ES EES NF 
m 2 en maa ae 


RF INPUT IMPEDANCE: 50 


ohm nomincl. 
VSWR: Standard specification 
1.1 to 1 maximum over oper- 
ating range. 
ACCURACY: 5% of full scale. 


INTERNAL COOLANT: Oil. 








MODEL 612 


Models 61 and 611 
are identical in 


POWER RANGE: Model 611— 
0-15, 0-60 watts full scale. 
Model 612—0-20, 0-80 watts 
full scale. 


INPUT CONNECTOR: 
. 


Female “’ 

EXTERNAL COOLING 

METHOD: Air Convection. 
OTHER BIRD PRODUCTS 














appearance 


These popular direct 
reading instruments 
measure and absorb 
power in 50 ohm 
coaxial line systems 
through the range of 
30 to 500 mc. 


They are portable 
and extremely useful 
for field or laboratory 
testing . . . checking 
installation of trans- 
mitters . . . trouble 
shooting . . . routine 
maintenance . . . pro- 
duction and accep- 
tance tests . . . trans- 
mitter tune-ups .. . 
measuring losses in 
transmission lines... 
testing coaxial line 
insertion devices such 
as, connectors, 
switches, relays, 
filters, tuning stubs, 
patch cords and the 
like .. . accurately 
terminating 50 ohm 
coaxial lines, and. . . 
monitoring modula- 
tion by connecting 
phone, amplifier or 
audio voltmeter to the 
DC meter circuit. 


Power scales for 
Model 61 Special are 
made to meet your 
requirements. 


WRITE FOR CATALOG 


SPECIFICATION 'S 


RADIATOR STRUCTURE: All 


Aluminum. 


FINISH: Bird standard gray 
baked enamel. 


WEIGHT: 7 pounds. 
OPERATING POSITION: 


Horizontal. 
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operates in a range of line voltages 
from 105 to 127 v at 60 eps, over 
an ambient temperature range of 
0 to 50 C. 
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Selenium Stacks 
HIGHLY VERSATILE 


RADIO RECEPTOR CO., INC., 240 Wythe 
Ave., Brooklyn 11, N. Y. A compact 
type of selenium rectifier package 
is announced. Package resembles 
a cylinder with a length proportion- 
ate to the voltage to be encountered 
—plus (for extreme voltages) cor- 
ona-suppressing rings at each end, 
all mounted as an integral, rugged 
unit. Each stack is composed of a 
series of flat cylindrical modules, 
studded together through a metal- 
lic, threaded insert in the center of 
each face. Each cylinder is individ- 
ually rated at 20,000 v. 
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Power Supply 
ADJUSTABLE UNIT 


Cocxiol 
RF Filters 


“Thruline”’ 
Directional 
RF Wattmeters 


“Termaline’”’ 


Cooaxiai 
RF Load Resistor 


RF Switches 


ELECTRONIC CORPORATION 
30303 Aurora Rd., Cleveland 39 (Solon), Ohio 
CHurchill 8-1200 TWX CGN FS 679 
Western Representative: 


VAN GROOS COMPANY, Woodland Hills, Calif. 


MATRIX RESEARCH AND DEVELOPMENT 
corP., Nashua, N.H. Model AH all 
solid state, well regulated power 
supply, employing rugged high den- 
sity packaging suitable for missile 
and space vehicle application is 
available, over a wide range of out- 
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OPTICS FUN: ELEC, 5a ere ae, 


Components and systems for visible, ultraviolet, 


and infrared radiation. GEC’s Astro-Optics Division spe- 
cializes in design, development, and manufacturing of optical com- 
ponents and systems for the ultraviolet through infrared spectrum. 


Here are a few of the optical components you can order from 
Astro-Optics: prisms, flats, spherical, aspherical and parabolic 
surfaces, reticles, information choppers, encoders, precision 
vacuum coating, and optically polished synthetic crystals. 


Also available from Astro-Optics are infrared and optical- 
electronic systems. 


For complete information regarding your precision optical 
requirements, write today to: 


ASTRO | OPTICS DIVISION 


«+. precision optics at work 


GENERAL ELECTRODYNAMICS CORPORATION 
4430 FOREST LANE @e© GARLAND, TEXAS 
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IN PARIS 


PORTE DE VERSAILLES 


FROM 16* TO 20% 
FEBRUARY 1962 





th INTERNATIONAL 


EXHIBITION 
OF 


ELECTRONIC 
COMPONENTS 


The greatest world meeting 
in the field of electronics 


FEDERATION NATIONALE 
DES INDUSTRIES 
ELECTRONIQUES 


23 rue de Lubeck, Paris 16e 
phone: PASsy 01.16 











$0 


CIRCLE 90 ON READER SERVICE CARD 


put voltages (700-1.599). Designed 
for use with photomultiplier tubes, 
the supply has built-in overload and 
protector circuits, together with 
multiple external taps so that dif- 
ferent voltages are available, de- 
pending upon the particular appli- 
cation. 
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Delay Timer 
SIMPLIFIED DESIGN 


HAYDON DIVISION of General Time 
Corp., 245 E. Elm St., Torrington, 
Conn. Series BN21 delay timer 
eliminates the need for auxiliary 
relays and can be used for interval 
or delay timing. Unit measures 
2.938 in. deep, 3.375 in. wide and 
3.750 in. high. It is designed for 
rear mounting in any position, and 
is equipped with a calibrated dial 
for easy adjustment of the timing 
interval by lock-nut. 
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Static Inverter 
D-C TO SINE WAVE 


ABBOTT TRANSISTOR LABORATORIES, 
INC., 3055 Buckingham Road, Los 
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For the man to see, go to EBG 


One more reason electronics buyers’ guide and Reference 
Issue is your most valuable reference book when you're buying: 
For the first time, the 1961 EBG lists in the Green Section 
the actual name of the man to see in the company from which 
you want to buy... . the man designated by the company who 
knows prices, delivery dates, specifications, etc. This valuable 
new feature is only one of many in this year’s Manufacturers’ 
Index. The same EBG section tells you the number of engi- 
neers, number of employees, dollar volume of business of each 
manufacturer, etc. And there’s still more... 
Guide to military and government procurement . . . Complete, 
most useful guide for the man who is doing business with the 
government. Lists the military and government agencies that 
buy electronic equipment and services, with phone numbers, 


addresses, procurement officers’ names, and what they buy. 


Specific product listing . . . each listed under its specific head- 
ing, no matter how many products a company makes. More 
than 3,000 are cross-indexed. 


Registered trade-name index . . . lets you find the manufac- 
turer of a product when you know it only by its trade name. 


Local sales office listing...gives you man- 
ufacturers’ nearest sales offices, addresses 
and phone numbers. 


These are only a few of the features that 
make electronics buyers’ guide your ‘‘best 
buy” for both buying and selling in the 
electronics industry. Make the most of 
your '61 EBG. Use it every day. 


electronics buyers’ guide and reference issue 7he Basic Buying Guide in Electronics since 1941 


@ € A McGRAW-HILL PUBLICATION 330 West 42nd St., New York 36, N. Y. 
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New long term diversi- 

fied development and 

design contracts create 

unusually attractive op- 

portunities at the Link 

Division of General Pre- 

cision, Inc. Qualified men, 

proficient in broad sys- 

tems and equipments 

engineering, will be interested in these commercial and military projects. 
Both aircraft and space vehicle systems are involved. Excellent salaries 
and ideal living in the Binghamton, New York area will attract the quali- 
fied professional man or manager seeking advancement opportunity and 
— laboratory precision measurement, visual 

displays and special projects including G.S.E., simulators and checkout 
equipment. — electro-optical precision measure- 
ment systems. — 12-15 years 
mechanical design, electronic packaging, model shop construction, and 
department supervision in military programs. Direct product design 
department, model shop, product programs and advanced development. 


— visual systems projects. 

— optical, electro- 
optical measuring, inspection and scan- 
ning systems. —periscopic, 
projection and relaying lens, analysis of 
optical problems, lab- 
oratory proposals. 

—transistor 
circuits, switching cir- 
cuits, computer logic, 
“NOR” logic, direct-coupled transistor logic, proposals. 

—electronic systems project responsibility. Supervise design, 

test and verification of prototype model and preparation of engineering 
data. —analog computing devices, audio systems, tran- 
sistorized amplifiers, radio aids, radio navigation, aircraft communica- 
tions. — program digital computers, digital systems 
design. ~—define problems, program and solve equations 
of flight simulation, specify components, initiate requirements for design 
and configuration of electronic and electro-mechanical systems. 


engine data into equation form for electronic simulation, engine per- 
formance calculations, test guide to check simulator. 

—airframe and spacecraft performance, stability and con- 
trol, engine performance, analog simulation and digital computations. 


All positions require an appropriate degree — advanced degree is highly 
desirable for managerial and senior positions. Minimum experience 
required is 4 years—an additional 4 years experience is required for 
managerial and senior positions. 


Qualified men sre invited to phone collect (RAymond 3-931) or write 


LINK DIVISION 
GENERAL PRECISION. INC. 





Binghamton. New York 


Angeles, Calif. Transistorized static 
inverter converts d-c to sine wave 
400 cps power, from a 28-v source. 
Unit is rated up to 50 v-a with less 
than 3 percent total harmonic dis- 
tortion. Model N3A1 is closely reg- 
ulated for input variations and is 
protected against short circuits, 
polarity reversals and_ transient 
spikes. It meets environmental re- 
quirements of MIL-E-5272C, is 
suited for use in missile, aircraft 
and space fields. 
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Li sf 
Crystal Filters 
PRECISION DEVICES 


SYSTEMS INC., 2400 Diversified Way, 
Orlando, Fha. Model BS-100-.012 
has a rejection of more than 100 db 
over a bandwidth of greater than 
12 eps and a 2 db bandwidth of less 
than 40 eps at a center pniiaiies 
of 100 Ke. Response on either side 
of the rejection band is essentially 
flat or 100 cps beyond the center 
frequency. Insertion loss is less 
than 1 db. Input/output impedance 
is 8,000 ohms. 
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Silicon Transistors 
HIGH BETA 


RHEEM SEMICONDUCTOR CORP., 350 
Ellis St., Mountain View, Calif. The 
RT5401, -2, -3 and -4 series pro- 
vides typical betas from 210 to 300 
at 560 ma and from 100 to 120 at 
500 ma. Beta spread is very tightly 


electronics 





controlled with a max/min ratio of 
only 2 to 1. These high betas at 
high current make possible design 
improvements in Class A and B 
amplifiers. 
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Full Adder 


ENGINEERED ELECTRONICS CO., 1441 
E. Chestnut Ave., Santa Ana, Calif. 
Full adder T-441, a binary circuit 
module for arithmetic applications, 
is packaged in a container measur- 
ing { in. diameter by 2: in. seated 
height, and plugs into a standard 
9-pin miniature tube socket. 
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Ionization Gage Tubes 
BURN-OUT PROOF 


NUCLEAR CORP. OF AMERICA, Central 
Electronic Mfrs. Division, Denville, 
N.J. Type CEM-75 is capable of 
vacuum measurement in the range 
of 10% to 10° mm of mercury. Fila- 
ment voltage is 3-5 v a-c; filament 
current 4-6 amp a-c; grid voltage 
+ 150 v; collector voltage — 30 v. 
The grid is degasable by passing 
current through it. The burn-out 
proof filament makes it desirable 
for use in systems that are repeat- 
edly open to the air. 
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Magnetic Switch 


MAGNETICsS INC., Butler, Pa., an- 
nounces a low-priced completely- 
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Anelex High Speed Line Printers 
are standard equipment in the 
fo F-e- Wn o) aelot-s-t-Jhale ME-)\2-14-108l- me) I 
FUlealey-)am-\\4-1 8 a aal-slolmmorolaalolelt—ig 
aat-talene-(oitela-)amal-)a-me-laleme-lolgel-lor 


Further information available upon request 


J anevex\ AWNELEX CORPORATION 


156 Causeway Street, Boston 14, Massachusetts 
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Channel modulator bay of Fuji’s carrier transmission system contains more than 3,500 Fuji Stycon capacitors. 


Hl : Sn) . a = 








NE “Stycon’ CAPACITORS 


Fuji Stycon is a highly accurate and reliable capacitor backed by 26 years of 
systems-making experience. As one of Japan’s leading systems-makers and one 
of the world’s leading producers of polystyrene capacitors (5,000,000 monthly), 
Fuji is its own best capacitor customer. This “feedback” means that Fuji is con- 
stantly systems-proving and improving its components to assure you of the 
highest quality and uniformity. 





FUJI STYCON Specifications 
- 


Voltage Capacitance Capacitance 
D.C.) Range Tolerance’ %) 





Capacitance: From 2 mmf to 








TWv 125 TV 375] 2-25,000mmfl 2, 5, 10 % reece 
ss : Hb - wate Tolerance : As close as 0.5% 
0 500 2-10,000 ‘ 
L Operating 
WV 125 TV 375}1,500-25,000mmf| 10, 20 % ry 
250 75011 '000-20,000 Temperature: From —10°C to +70°C 
500 1,500} 500-10,000 Temperature 


WV 125 TV 375/2,000-50,000mmf| 0.5, 1 % Coefficient : 150+50 PPM per °C 
250  7502,000-40,000 ‘ 
500 1,500]  40-20:000 | insulation 


, Resistance : As high as 10° 
Micro WV 35 TV 105] 300-5,000 mmf| 10 % ‘ 
<—>=_- O-= 125 375 2-600 | Stability <: As close as 0.1% drift 
ITV & Radio Broadtwy 125 Ty 37 2-2 | 10 % in 1 year 
| casting Receiver 250 tb. ++ el | o% Voltage 
| —t_}b— 500 1,500] 2-10,000 | Derating : None to 70°C 


























($) WRITE FUJI’S U.S. DISTRIBUTORS FOR COMPLETE SPECIFICATIONS 


FUJI TSUSHINKI SEIZO K.K. — toryo, Japan 


American Corporation © New York 5, 80 Pine St., WH 3-7840 O Chicago 3, 140 S. Dearborn St., CE 6-1950 
@ The Nissho Pacific Corporation 0 San Francisco 4,120 Montgomery St., YU 2-790] DO Los Angeles 14,6495. Olive St.. MA7-7691 
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NEW IDEAS FOR SALE! 


Words and pictures tell you about the top 
new product ideas each week in “On the 
Market”. Who makes ’em and what they’ll 
do for you. Easy way to keep in touch with 
the latest and best. 
ee —— why it will pay you to 
subscribe to electronics (or renew your sub- 
FIND WHAT - scription) right now. Fill in the box on 


Reader Service Card. Easy to use. Postage 
YOU NEED IN a ae free. “ — 


electronics 








static switch rated at 40 w, with 
output of 0.4 amp at 100 v a-c. 
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Zener Diodes 
VERSATILE UNITS 


AMERICAN SEMICONDUCTOR CORP., 
3940 N. Kilpatrick Ave., Chicago 
41, Ill., announces a line of sub- 
miniature glass diffused Zener 
diodes with 2, 5, 10 and 20 percent 
voltage tolerances for a variety of 
circuits. All range from 5.9 to 300 v 
in 400 mw ratings at temperatures 
ranging from —55 to +150 C. 
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SOLID-STATE 


NAVIGATION COMPUTER CORP., Valley 
Forge Industrial Park, Norristown, 
Pa. Models 371 (illustrated) and 
372 solid-state modules multiplex 
information from several single- 
ended analog circuits. Input range 
is 0 to 10 v. A long-term accuracy 
of 1 percent is ensured by using a 
matched pair of transistors in the 
input stage of each channel, and 
cementing each pair in a common 
heat sink. The 371 contains two 
channels of input gates and ampli- 
fiers and an output amplifier. The 
372 contains four channels of input 
gates and amplifiers. It is used to 
extend the capacity of the 371. 
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Vacuum System 


ULTEK CORP., 920 Commercial St., 
Palo Alto, Calif. Clean vacuums 


electronics 





to 5 x 10° mm Hg in 4 hr or less, 
without bakeout, are achieveable in 
a glass bell jar, with the Boostivac- 
equipped, ion pumped high vacuum 
system. 
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Integrator 
GENERAL PURPOSE 


TEXAS RESEARCH AND ELECTRONIC 
CORP., Meadows Building, Dallas, 
Texas. The GPI-100 utilizes a solion 
tetrode as the integrating element. 
3attery-powered and portable, it 
weighs 54 lb and measures 63 by 8 
by 8 in. Accurate to 1 percent, it 
has an input impedance of 10,000 
ohms, a frequency response from 
d-c to 10 Ke, and accepts inputs to 
1 v. The integral is read out on a 1 
percent meter with both a 100 v-sec 
and 1,000 v-sec range. 
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Pressure Switch 
EXPLOSION-PROOF 


CUSTOM COMPONENT SWITCHES, INC., 
3137 Kenwood St., Burbank, Calif. 
Model 610GE explosion-proof pres- 
sure switch meets the demand for 
miniature industrial components. 
The low-priced switch is listed by 
UL, Inc. for use in hazardous loca- 
tions Class I Groups A, B, C and D 
as well as Class II Groups E, F and 
G. The Dual-Snap switch design 
provides a _ positive setting and 
eliminates drifting of actuation 
point due to varying temperatures. 
The hermetically sealed unit is not 
affected by pump ripple or pulsa- 
tion. 
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Voltage Integrator 


HARVEY-WELLS ELECTRONICS, INC., 14 
Huron Drive, Natick, Mass. Multi- 
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MASSA 
RECTILINEAR 
RECORDERS 


are selected for exacting applications 


Model BSA 250 
(Ink Writing) 


Model BSA 260 
(Electric Writing) 


Precision Dimension Monitor 
Torpedo Velocity Measurement 


Process and Quality Control Inspection 


Among the many exacting and varied applications in 
which Massa Rectilinear Recorders are used are the monitor- 
ing of precision dimensions, measuring of torpedo velocities 
and the inspection of process and quality control. Although 
unrelated in ultimate function, these different end uses have 
one thing in common . . . the need for a reliable, two-channel 
strip chart recorder, easy and economical to operate and 
easy to interpret. 

The unique feature of interchangeable plug-in pream- 
plifiers provides a broad application range for the “Meterite”. 
Ink or electric writing pen motors produce permanent record- 
ings with waveforms identical to those of the input signal. 
The Massa “Meterite”, predominantly transistorized, provides 
faithful long-term operation. 

Massa Division manufactures a complete line of portable 
and rack mounting direct ink or electric writing Rectilinear 
Recording Systems ranging from two to twelve channels. 


Write for Technical Bulletin: BSA 250/260 


OTHER MASSA PRODUCTS 
A DIVISION OF TRANSDUCERS 
Sonar, Ultrasonic 
ACCELEROMETERS HYDROPHONES 
ELECTRONIC S, INC. MICROPHONES AMPLIFIERS 


COMPLETE LINE OF MULTI-CHANNEL AND 
275 LINCOLN STREET PORTABLE RECORDING SYSTEMS 


HINGHAM, MASSACHUSETTS 
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-100° to +350°F 


and 
20% to 95% RH 
-and never 
a mechanical 


problem 
& 


Model 

ELHH-4-LC 

Window 1s opt 

A major advance in environmental test 
chamber design, Associated’s Econ-O-Line 
Low-High Temperature-Humidity Chamber 
eliminates mechanical problems by elimin- 
ating the mechanical refrigeration system 
entirely. Breakdown, leaks, other mechanical 
failures can't happen, because Liquid CO: is 
used for both temperature pull-down and 
humidity control. Other advanced design and 
performance features include: 


© Pull down te — 100° from ambient 
in 15 minutes 


© Heat up to + 350° within 60 minutes 
© Temperature control 2°F 
© Humidity control 5% RH 


© 2 pen, 2 cam programming and 
recording controller 


© Fan circulation with external motor 


e 18” x 18” x 18” stainless steel, 
welded interior 


© Integral demineralizer with 
replaceable cartridge 


Price $2675 


Write today for Bulletin C-20. 


ASSOCIATED TESTING LABORATORIES, INC. 


(Manufacturing Division) 


155 ROUTE 46 » WAYNE, NEW JERSEY  CLifford 6-2800 


TEST LABORATORIES 





channel voltage integrator sums and 
prints out after specified time. 
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Waveguide Flanges 
AT C, X, AND P BANDS 


MICROWAVE COMPONENTS & SYSTEMS 
CORP., 1001 S. Mountain Ave., Mon- 
rovia, Calif., has available wave 
guide flanges at C, X, and P bands. 
Cover, choke and butt flanges are 
available in either brass or alumi- 
num in production quantities at 
production prices. Meeting all re- 
quirements applicable to MIL-SPEC 
F-3922A, the flanges are forged, 
broached and precision ground for 
flatness. 
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Voltage Reference 
SOLID STATE 


DYNAGE, INC., 390 Capitol Ave., 
Hartford, Conn., announces d-c volt- 
age references for satellite pcm 
tefemetry applications. Input cur- 
rent is 10 ma or less with an input 
voltage of 20 v d-c + 1 v d-c. Out- 
put voltage is 5.0 v d-c and output 
current is zero, that is for null cir- 
cuit. Overall stability is better than 
+ 0.2 percent over a temperature 
range of —20 to + 60 C and with 
an input voltage variation of +5 
percent. 
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Pattern Generator 


CYBETRONICS, INC., 132 Calvary St., 
Waltham, Mass. Model B digital 





Suppress 
lead wire 
errors 


ra 
iB SENSOR 
ROSEMOUNT | 


ENGINEERING 
COMPANY 


— 









































POWER 


SUPPLY RECORDER 











Now you can make accurate 
resistance temperature 
measurements even with 
long, unequal lead wires. The 
REC Triple Bridge Unit: 
e Suppresses lead resist- 
ance changes to 5 ohms. 
e Suppresses variable or 
unequal resistances. 
e Trims out calibration dif- 
ferences. 
e Provides standardized 
10 mv. DC output. 


Single units or 10 TBUs and 
power supply are packaged 
for standard 19” rack. Mul- 
tiple units provide convenient 
change of temperature 
ranges and sensors. Write for 
Bulletin 6612. 


A complete precision line 
Rosemount designs and 
manufactures high quality 
precision equipment in these 
lines: 

Air data sensors 
Total temperature 
Pitot-static (de-iced) 
Immersion temperature sensors 
(including cryogenic) 
Surface temperature sensors 
Pressure transducers 
Accessory equipment 
Aeronautical research 
For more information please 
write for the REC catalog. 
Specific questions welcomed. 


ROSEMOUNT 


) ENGINEERING 
| 4 COMPANY 


Wayne, N.J. - Winter Park, Fla. - Burlington, Mass. pulse-pattern genera tor works 
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LARGEST 
NUMERICAL DISPLAY 
AVAILABLE 


WITH KEARFOTT’S DME COUNTER-INDICATOR 


With numerals 5/16” in height, this Kearfott unit has a larger, 
more easily read numerical display than any other DME indica- 
tor. This size factor contributes greatly to speed and accuracy 
in reading, and it provides an added margin of insurance 
against navigational error. 

The Kearfott Single DME Counter-Indicator shows distance (in 
units, tens, and hundreds of nautical miles) from the aircraft 
to a navigational beacon. A mask with rectangular apertures 
allows only the significant calibrations to be seen; and when 
no signal is impressed, a red flag extends across the apertures 
to prevent reading. The unit is hermetically sealed and is filled 
with dry inert gas for trouble-free dependability and maximum 
service life. 


In addition to the Single DME Counter-Indicator (T8510-11N) 

+ shown above, a Dual DME Counter-Indicator (T8511-11N) is 

e n .e | l n e e rs available which indicates aircraft distance from each of two 
navigational beacons. The units meet environmental require- 

use ments and other applicable portions of RTCA Paper 


HOLLINGSWORTH eee ne 
SOLDERLESS 
TERMINALS 
78510-11N 78511-11N 


| (SINGLE) (DUAL) 
because they 


ACCURACY Units Drum =05 mi =.05 ml 
e SPEED PRODUCTION ee a eee 
e CUT ASSEMBLY COSTS SPECIFICATIONS SPEED Either Direction 15 mi/sec 15 mi/sec 


POWER Rotor Voltage 26 +2vac, 26 +2v ac, » 
ire si 400 =10 eps 400 +2 cps, 1p 
. all types... all wire sizes Flag Voltage 28 +2v de, 28 +2v 
e FAST DELIVERY | 0.5 amp man 


© GOVERNMENT APPROVED | eiaiiaiaasictiiaile WEIGHT = m7 
SEND FOR CATALOG AND SAMPLES KEARFOTT DIVISION 


_ TERMINAL DIVISION | Cp GENERAL PRECISION, INC. 
nollingsworth 


| tle Falls, N 
Cc O M P A N y | Little Falls, New Jersey 
BOX 430 * PHOENIXVILLE, PENNSYLVANIA | 
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ladebel 
Greenstein 
can 
show 
you... 





RE it RSE pte «RO EE OE 


how North Atlantic’s 
Phase Angle Voltmeters solve 
tough ac measurement problems 
.-. in the lab or in the field. 


Designed for critical tasks in circuit development, production and testing, North 
Atlantic’s Phase Angle Voltmeters provide direct reading of phase angle, nulls, total, 
quadrature and in-phase voltages—with proven dependability even under field 
conditions. Your North Atlantic engineering representative can quickly demonstrate 
how they simplify ac measurement jobs from missile checkout to alignment of | 
analog computers—from phasing servo motors to zeroing precision synchros and 
transducers. 

Shown below are condensed specifications for single-frequency Model VM-202, 
Other models include high sensitivity, three-frequency and broadband types. 





Voltage Accuracy 
Phase Accuracy 
Signal Frequency 
Input Impedance 
Reference Input 


4 scales, 90° (elec.) apart 

Nulling Sensitivity 2 microvolts (phase sensitive) 
Harmonic Rejection 55db (with filters) 
5%"h. x 19" w. x 77" d. 


The North Atlantic man in your area has full data on standard and special models 


for laboratory, production and ground support. Call today for his 
name, or request Bulletin VM-202. 


NORTH ATLANTIC industries, inc, | 
TERMINAL DRIVE, PLAINVIEW, L.1., NEW YORK e OVerbrook 1-8600 | 
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without switches, contacts or patch 
cords. 
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MADT Transistors 
VERY LOW NOISE 


PHILCO CoRP., Lansdale, Pa. Three 
MADT transistors exhibit very low 
noise characteristics. The T2028, 
T2029 and T2030 are designed for 
vhf-uhf, r-f amplifiers, mixers and 
oscillators used in military com- 
munications equipment, mobile 
radios and transistorized tv. 
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Button Cell 
SILVER-CADMIUM 


YARDNEY ELECTRIC CORP., 40 Leon- 
ard St., New York 13, N.Y., an- 
nounces Silcad (silver-cadmium) 
button cells for use in all types of 
portable equipment requiring high 
energy outputs from small, light- 
weight power packs. The 0.25-am- 
pere hr unit shown provides up to 
75 percent more capacity than ordi- 
nary rechargeable button cells of 
the same weight and volume, and 
has a cycle life almost 60 percent 
greater. Open-circuit cell voltage is 
1.4 v; nominal voltage under load, 
eS 
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Infrared Material 


SEMITRONICS, INC., P. O. Box 46, 
Winchester, Mass., has available 


electronics 





DUAXIAL 


GABLES 


Dependable performance is the greatest 


asset of Royal coaxial and multi-conductor | 
cables. They are made to exacting stand- 


ards for exacting applications. Whatever 
your requirements . . . for electronic equip- 
ment, the military, or community TV appli- 


cations, Royal can 


supply stock or special | 


constructions with 
built-in satisfaction. 

Ask for Bulletin 
4C-3-L (stock con- 
structions) or let us 
quote on your needs 

. representatives 
coast to coast. 


ROYAL ELECTRIC CORPORATION 
301 Saratoga Avenue 
PAWTUCKET * RHODE ISLAND 


In Canada: Royal Electric Company (Quebec) Ltd., 
Pointe-Claire, Quebec 


ELectRic 
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SAFETY 
OF LIFE IN THE AIR 


SELENIA AIR TRAFFIC CONTROL RADAR OFFERS: 


Your inquiry is invited for 


more specific information 


ROME ITALY 
P.O.BOX 7083 


SOLID LONG RANGE, HIGH ALTITUDE DETECTION 
OF EVEN THE SMALLEST TYPES OF AIRCRAFT 
THROUGH THE USE OF HIGH AVERAGE POWER 
AND A PARAMETRIC AMPLIFIER RECEIVER. 

THE MOST ADVANCED TRUE MTI SYSTEM 

IN THE WORLD WITH THREE PULSE CANCELLATION 
FOR CLUTTER-FREE PRESENTATION 

AND STAGGERED REPETITION RATE FOR 

BLIND SPEEDS ELIMINATION 

THE USE OF L-BAND ASSURES 

SHARP AZIMUTH DISCRIMINATION AND 

LOW PRECIPITATION ATTENUATION 

WITH REASONABLY SIZED ANTENNA STRUCTURES 
SPECIAL HIGH-LOBE ANTENNA 

FOR GREATLY IMPROVED SUBCLUTTER 

VISIBILITY FOR CLOSE-IN TARGETS AND 

CIRCULAR POLARIZATION FOR NEARLY 

COMPLETE CANCELLATION 

OF RETURNS FROM PRECIPITATION. 

A RADAR COMPLETELY COMPA TIBLE WITH 

JET AGE REQUIREMENTS 

A DIRECT SUCCESSOR OF THE PROVEN RAYTHEON 
AIRPORT AND AIRWAYS RADARS CHOSEN BY 

THE AIR TRAFFIC CONTROL AUTHORITIES IN 
CANADA, THE UNITED STATES AND SWITZERLAND 


aii ee 


= E— eee a 


an an ie 
° - ° . . _ 
—tncellence vin, UiecLiomica vin. Turepre. 
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DRAWING BOARD Aa’ NEWS.....°°:.@ 


Published by Chart-Pak, Inc., originator of the tape method of drafting 


PRINTED-CIRCUIT DRAFTSMEN GET 
“INSTANT” SYMBOLS WITH CHART-PAK 


It’s a lot less work to make fast, ieeees ses" - 5s § Seeui Seuss! 
accurate master drawings with es ; 
Chart-Pak printed circuit symbols 
and tapes. 

Chart-Pak offers circles, ovals, 
fillets, and a variety of common 
shapes die-cut out of pressure-sen- 
sitive black crepe paper — avail- 
able on handy backing rolls. You 
just press them down! 

Chart-Pak circuit symbols are 
low in cost; accurate; reproducible; 
easily “correctable”. Available in 
popular decimal sizes. 






























































Chart-Pak Grids Pin-Point 
Conductor Paths “Tape” Location within .002” 
On—A Yard at a Time! Precise printed-circuit drawings are 


Draftsmen put down conductor paths in . foregone conclusion when they're 
seconds, with Chart-Pak circuit tapes taped-up” with Chart-Pak, on a 
... Lines have unusual uniformity (width Chart-Pak Precision Grid. The dis- 
heid within .002”.) Chart-Pak’s precision- tance between any two lines is guar- 
slit tapes come in sizes down to \,”... anteed accurate within .005”. 
in all-black or white-backed type (handy The sheet, tough, stable DuPont 
28 \ ciadanaaee ae “Mylar”®, is a pleasure to work on 
atlas ase xine > — can be used over and over again. 


| WRITE FOR NEW CHART-PAK 
» , CATALOG. It helps you take 
|, the drudgery out of drafting! 
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YOUR CHRISTMAS GREETINGS AND PACKAGES 


WILL GET THERE FASTER IF YOU 
MAIL EARLY! 


to Distant Points, by December 10 . . . for Local Delivery, by December 16th 
Address Legibly—include Postal Zone Number and Your Return Address— 
Wrap Packages Securely—AND .. . 


MAIL EARLY! 














vertically grown, single crystal in- 

dium antimonide p-n junctions for 

infrared detector applications. 
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High-Mu Triode 
HIGH VACUUM 


UNITED ELECTRONICS CO., 42 Spring 
St., Newark, N.J. The No. 581 is a 
miniature high vacuum high-mu 
triode designed for pulse modulator 
service. In this service it can de- 
liver 13 Kw pulse power output. 
Maximum anode voltage is 20 Kv, 
peak plate current is 1.2 amperes, 
and grid bias is 300 v. Length of 
the tube is 2.75 in. and the diameter 
is 1.13 in. 
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D-C Power Modules 
HIGH TEMPERATURE 


TECHNIPOWER INC., 18 Marshall St., 
South Norwalk, Conn. Using all 
silicon semiconductors and_ tan- 
talum capacitors, these d-c power 
modules have a temperature rating 
of —40 C to +100 C. Over 90 mod- 
els are available ranging from 2.8 
to 52 v at powers of 1.0 to 20 w. 
Ripple is 1 mv rms for 0.05 percent 
regulation; 5 mv rms for 0.5 per- 
cent regulation. 
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PRODUCT BRIEFS 


ACCELEROMETER versatile unit. Gian- 
nini Controls Corp., 1600 S. Moun- 
tain Ave., Duarte, Calif. (331) 


CHOPPER INPUT TRANSFORMER high 
impedance. James Electronics, Inc., 
4050 No. Rockwell St., Chicago 18, 
Ill. (332) 


DUMET WIRE CLEANER safe to han- 
dle. Fidelity Chemical Products 
Corp., 470 Frelinghuysen Ave., 
Newark 14, N.J. (333) 


RIGID TRANSMISSION LINE for high 
power signals. Technical Appliance 
Corp., Sherburne, N.Y. (334) 


COAXIAL SLOTTED LINE with parallel- 
plane design. General Microwave 
Corp., 47 Gazza Blvd., Farming- 
dale, N. Y. (335) 


P-C BOARD angular construction. 
R. G. Circuits Co., 15216 Mansel 
Ave., Lawndale, Calif. (336) 


MICROWAVE ATTENUATOR solenoid 
actuated. Hathaway Denver, 5800 
E. Jewell Ave., Denver, Col. (337) 


COMPUTER SIMULATOR low-cost. 
Scientific Development Corp., 372 
Main St., Watertown, Mass. (338) 


STRIPPING MACHINE for shielding 
braid. Ewald Instruments, Route 7, 
Kent, Conn. (339) 


BATTERY CHARGER for space vehicle 
batteries. Mid-Eastern Electronics, 
Inc., Springfield, N.J. (340) 


STRAIN GAGE POWER SUPPLY fully 
transistorized. Cubic Corp., San 
Diego 11, Calif. (341) 


LONG SCALE METER limited panel 
space. The Triplett Electrical In- 
strument Co., Bluffton, O. (342) 


SUPERHET RECEIVER tunes 10 to 600 
Ke. Marconi Instruments, 111 
Cedar Lane, Englewood, N.J. (343) 


HEART MONITOR portable. Electronic 
Medical Systems, Inc., 1449 Univer- 
sity Ave., St. Paul, Minn. (344) 


CURRENT GOVERNOR programmable. 
North Hills Electronics, Inc. Alex- 
ander Place, Glen Cove, N.Y. (345) 


LASER MATERIAL strontium fluoride. 
Semi-Elements Inc., Saxonburg 
Blvd., Saxonburg, Pa. (346) 
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FICO SCOPES 


give you: 

professional performance 
reliability 

ruggedness 

versatility 

... at moderate cost 


EICO’s high quality standards and low initial cost add up to true economy: 
EICO units outperform scopes selling for two or three times EICO’s prices. 


With kits, the initial cost is even lower. And the experience each operator gains 
in building his own, increases his efficiency, and enables him to keep his 
scope in better condition, with less ‘‘down’’ time. 





prices 


| freq. resp. (sinusoidal) 


sensitivity (rms) 





kit wired 


vert. horiz. vert. horiz. 





5” Push-Pull 


$44.95 $79.95 
Scope #425 


5 cps to 
400 kc 400 kc 


1S9M 24} Ul %S ppe 


5 cps to 75 mv/in 0.1V/in 





5” DC-4.5 MC 79.95 
Scope #460 








129.95 


DC-4.5 
mc/flat 





1 cps to 


25 mv/in 
400 kc flat 


0.6 V/in 











See the 41 additional EICO test instruments helpful for your lab and pro- 
duction work. Write for free Catalog & name of neighborhood Distributor. 


3300 NORTHERN BOULEVARD, Dept. E-12B, L. I. C., 


1, N. Y. 
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SINCERE WISHES 
FOR A 


HAPPY HOLIDAY SEASON 


Serving 

the electronic and 
instrumentation field 
since 1953 


CIRCLE 101 ON READER SERVICE CARD 


and 
thank you for your 
patronage and support 


T. H. GARNER 
COMPANY 


177 S. Indian Hill Bivd. 
Claremont, Calif. * NAtional 6-3526 
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PRODUCT 
APPLICATION 


SYNCHRO 


HANSEN 


MANUFACTURING 
COMPANY, INC. 


PRINCET 


102 


DI Ar 


4A 


CLOCK ; 
PROGRAMMING 


systems 


using reset clock movements 
powered by Hansen SYNCHRON mofors 


MINNEAPOLIS-HONEYWELL REGULATOR 

COMPANY incorporates Hansen SYNCHRON 
Clock Movements in its Indicating Clocks and 
Master Control Systems — for installation in 
schools, public buildings, in industry, or wher- 


ever accurate time must be maintained. Single- | 


dial Indicating Clocks are coordinated by 
Master Clock Programming, with automatic 
correction — to compensate for deviations 
caused by current fluctuations — available 
either on an hourly or 12-hour correction basis. 
Hourly correction resets the clock which may 
be from 55 seconds fast to 59 minutes slow 
depending on current fluctuations, at two min- 
utes before the hour. The 12-hour correction 
occurs between 5:00 and 5:30 o'clock, auto- 
matically resetting clocks up to 12 hours slow. 


HANSEN SYNCHRON CLOCK MOVEMENTS 
were chosen by Minneapolis-Honeywell because 
of satisfactory power and dependability expe- 
rienced by a previous supplier to the firm. 
Hansen SYNCHRON motors are connected to 
reset movements through a gear, clutch and 
cam arrangement. The clock systems operate 
with 60-cycle and 24-volt motors, on 115-volt 
current — generally most readily available on 
typical installations. 


SEND TODAY for informative folder containing specifications 
and technical data on all Hansen SYNCHRON motors and 
clock movements. 


HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 

Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y. 
Binghamton, N. Y. — Schenectady, N. Y. 
ELECTRIC MOTOR ENGINEERING, INC. 
Los Angeles, Calif. — (Olive 1-3220) 
Oakland, California (2 
WINSLOW ELECTRIC CO. 2 
New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. Cleveland, Ohio 


Sweet's Product 
Design File 
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Literature 
of the Week 


FACILITIES BROCHURE =F. J. Stokes 
Corp., 5500 Tabor Road, Phila- 
delphia 20, Pa., offers a brochure 
discussing its people, purpose and 
varied facilities. (347) 


INSTRUMENT LIGHTING Monroe 
Industries, Inc., 934 Thirty-Sixth 
St., S.E., Grand Rapids 8, Mich. 
An illustrated brochure describes 
the company’s facilities for the 
manufacture of precision illumi- 
nated parts for military integral 
lighting. (348) 


ULTRASONIC FLOWMETER Gulton 
Industries, Inc., 212 Durham Ave., 
Metuchen, N.J. A 4-page bulletin 
describes and illustrates the Glen- 
nite ultrasonic flowmeter. (349) 


HIGH RELIABILITY CAPACITORS 
General Electric Co., Schenectady 5, 
N. Y. Bulletin GEA-7240 covers 
high reliability Tantalytic solid ca- 
pacitors. (350) 


INFRARED TRANSMITTING GLASSES 
Bausch & Lomb Optical Co., Ro- 
chester 2, N. Y., offers a progress 
report on calcium aluminate infra- 
red transmitting glasses. (351) 


METALIZED ENCLOSURE TUBES Corn- 
ing Electronic Components, Brad- 
ford, Pa. Metalized glass enclosure 
tubes that can withstand down- 
shock from 275 C to ice water are 
discussed in file CE-6.00. (352) 


ENERGY DISCHARGE CAPACITORS 
Sangamo Electric Co., Springfield, 
Ill. H-V low inductance energy dis- 
charge capacitors are discussed in 
a 12-page bulletin. (353) 


MAGNETIC HEAD ASSEMBLIES West- 
rex Recording Equipment division 
of Litton Systems, Inc., 335 No. 
Maple Drive, Beverly Hills, Calif. 
Details of 14-track in-line or inter- 
leaved magnetic head assemblies 
are covered in a bulletin. (354) 


GLASS-TO-METAL SEALS’ Glass In- 
struments Inc., 2285 E. Foothill 
Blvd., Pasadena, Calif. Bulletin 
covers glass-to-metal seals that will 
withstand environmentals of from 
+420 C to —80 C. (355) 


ELECTRICAL TAPES Johns-Manville, 
Dutch Brand Division, 22 E. 40th 
St., New York 16, N.Y. Selection 
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Use these handy prepaid READER SERVICE POST CARDS 
for more detailed information on: PRODUCTS ADVERTISED, 
NEW PRODUCTS “On the Market”, LITERATURE of the WEEK 
































CHECK COUPON FOR 
FREE REPRINT of the MONTH 
“Logarithmic Transmission Line Charts,”’ by H. F. Mathis 


Logarithmic versions of the familiar Smith charts can be used to obtain straight-line plots. The author 
provides four versions and shows examples of their use. One copy per person only, if more are required 
—regular reprint costs apply. 











Circle the number on the READER SERVICE post card at the right that corresponds to the 
number at the bottom of Advertisement, New Product item, or the Literature of the Week 
selection in which you are interested. 


Please print clearly. All written information must be legible in order to be efficiently pro- 
cessed. 


” aad 
| 
| 
{ 
1 
| 
ALL FOREIGN INQUIRIES that cannot reach electronics before the expiration dates noted \ 
on the Reader Service post card, must be mailed directly to the manufacturer. The manufacturer | 
assumes all responsibilities for responding to inquiries. electronics merely provides and clears 
requests for information from inquirer to manufacturer. | 
| 
| 


Correct amount of postage must be affixed for all foreign mailings. 









TO SUBSCRIBE TO OR TO RENEW electronics — Fill in the ‘‘For Subscriptions’’ area on the 
card if you desire to subscribe to or renew your present subscription to electronics. Send no 
money. electronics will bill you at the address indicated on the Reader Service post card. 


MULTI-PRODUCT ADVERTISEMENTS — For information on specific items in multi-product 
advertisements which do not have a specific Reader Service number indicated write directly 
to manufacturer for information on precise product in which you are interested. 


a4 3d 4) ee) 9 04 Od 


The Reprint Service Department offers 4 types of reprints for sale: 1 — Reprints of Special 
Reports as they appear with definite costs for varying quantities; 2 — Reprints of Special Re- 
ports that have appeared in past issues; 3 — Reprints of other editorial material in the current 
issues (minimum order is 100); and 4 — Reprints of editorial that has appeared in past issues 
(minimum order is 100). On other than Special Reports we cannot publish prices because the 
order may involve any number of editorial pages depending upon the length of the article. 


Actual reprint costs, handling charges, postage, etc. bring the costs for Special Reports to: 
75 cents for a single reprint; 60 cents each for 11 to 24 copies; 50 cents each for 25 or more. 


For tearsheets or single photocopies of any electronics editorial article ever printed . . . see 
reverse side of this page. 


For list of Reprints of past Special Reports available see reverse side of this page. 
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All electronics Editorial Matter 


Can Be Made Available in Reprint Form 


FOR SINGLE REPRINTS: electronics offers reprints or photocopies of all the editorial matter 
printed since its inception. Single copies of articles from the very first issue of electronics, 
printed in April, 1930 to the very latest issue may be obtained. (If available as tearsheets they 
are free). Photostatic copies are offered at cost. Write today for a copy of any article you desire. 


Bulk reprints are available in quantities of 100 or more at the nominal cost of reproduction. 
Prices for such reprints are not available as they will vary with the length of the article, color, 
makeup, etc. 


Reprints can be made up with the original cover of the magazine and your advertisement or 
other merchandising message on the back page. 


Please write to Reprint Service Dept., electronics, 330 West 42nd St., New York 36, N.Y. or tel- 
ephone LO 4-3000 Ext. 3140 for all information pertaining to reprints. 





Reprints Available on Past 


Special Reports and Feature Articles 


(Order by Key No. Use REPRINT ORDER FORM on Reverse Side.) 






































KEY NO. TITLE OF REPRINT NO. OF PAGES ISSUE DATE PRICE 
R-5 Electronic Markets Special Report 18 Jan. 1, 1960 * 
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R-17 1960-61 electronics Buyers’ Guide Reference Section 64 July 20, 1960 50¢ ea. 
Medical Electronics— 
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R-19b Part Il: Diagnostic Systems and Visualization 6 Feb. 3, 1961 25¢ ea. 
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R-19d Part IV: Prosthetics—Hearing Aids and Blind Guidance Devices 7 June 23, 1961 25¢ ea. 
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R-21 Electronics in Europe 32 June 9, 1961 * 
Plasma Engineering— 
R-22a Part |: Generating and Heating Plasma 7 July 14, 1961 25¢ ea. 
R-22b Part Il: Measuring Parameters 7 Aug. 4, 1961 25¢ ea. 
R-22c Part Ill: Practical Applications of Plasma 7 Sept. 1, 1961 25¢ ea. 
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R-24 Reference Section 1961-62 electronics Buyers’ Guide bed July 20, 1961 50¢ ea. 
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Manufacturers Index 
Lasers: Devices & Systems 
R-26a Part |: Principles of Functioning and Laser Materials 9 Oct. 27, 1961 25¢ ea. 
R-26b Part Il: Communications, Navigation, Ranging and 5 Nov. 3, 1961 25¢ ea. 
Undersea Applications 
R-26c Part Ill: Military and Computer Applications. 5 Nov. 10, 1961 25¢ ea. 
Frequency Tuning, Modulation, Demodulation and Mixing Techniques 
R-26d Part IV: Scientific and Medical Applications; Laser Optics; 4 Nov. 24, 1961 25¢ ea. 
Commercial Equipment 
R-27 Missile And Space Electronics 32 Nov. 17, 1961 o% 
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chart contains samples of 15 dif- 
ferent insulating tapes, as well as 
data on each. (356) 


PULSE GENERATORS, REFERENCE 
SOURCES Bulova Watch Co., Inc., 
40-01 61st St., Woodside 77, N. Y. 
Two-color catalog sheet describes 
pulse generators and voltage refer- 
ence sources. (357) 


METER RELAYS Weston Instruments 
Div., Daystrom, Inc., 614 Freling- 
huysen Ave., Newark, N. J. Bulle- 
tin 02-106 contains features and 
specifications of the model 1073 
MagTrak double-action meter re- 
lays. (358) 


EPOXY PELLETS Epoxy Products 
Division, Joseph Waldman & Sons, 
137 Coit St., Irvington 11, N.J. 
Bulletin No. 8 describes the use of 
epoxy pellets for protecting tan- 
talum capacitors. (359) 


PHASE ANGLE VOLTMETER North 
Atlantic Industries, Inc., Terminal 
Drive, Plainview, N.Y., offers a 
data sheet on an all-transistorized 
multiple-function phase angle volt- 
meter. (360) 


GLASS-TO-METAL SEALS Chrom- 
alloy Corp., 171 Western Highway. 
West Nyack, N.Y. Bulletin describes 
a new method of achieving hermetic 
glass-to-metal seals. (361) 


MICROWAVE OPTICS Cenco Instru- 
ments Corp., 6450 W. Cortland St., 
Chicago 35, Ill. A 24-page illus- 
trated booklet describes the com- 
pany’s microwave optics demon- 
stration apparatus and outlines 
operating instructions. (362) 


CLIP-ON CURRENT MEASUREMENTS 
Dawe Instruments Ltd., Western 
Ave., Acton, London, W.3, England. 
A technical leaflet illustrates and 
describes type 618 a-c Milliclamp 
from which readings can be taken 
without interruption of the circuit 
under test. (363) 


BROADBAND AMPLIFIERS Applied 
Research Inc., 76 South Bayles 
Ave., Port Washington, N.Y., has 
published a data sheet on its 500 to 
1,000 Mc _ broadband amplifier 
series. (364) 


I-F AMPLIFIERS Ferrotran Elec- 
tronics Co., Inc., 693 Broadway, 
New York 12, N.Y. Bulletin 576 
gives the characteristics of cas- 
caded amplifiers with gains as high 
as 80 db and operating from 455 
Ke to 30 Mc. (365) 
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INSTRUMENTS 
FOR PRECISION 
CIRCUIT ANALYSIS 


For every type of service. These quality instru- 
ments are supplied as original equipment with 
many broadcast station installations. 


Model 410 
Distortion 


MODEL 200 AUDIO OSCILLATOR 
Meter 


© Frequency Range: 30 to 30,000 cycles 

e Frequency Response: Better than 
+1 db. 30 to 15,000 cycles with 500 
ohm load 
Stability: Better than 1% 
Calibration: +3.0% of scale reading 
Voltage Output: 10 volts into 500 ohm 
load 


Distortion: Less than .2% at 5 volts 
output 


e Measures: Audio distortion, noise level and 
audio voltage level. 


e Ideal for FCC Proof of Performance Tests and 
laboratory measurements. 

e Measures distortion as low as .1% on funda- 
mental frequencies from 20 to 20,000 cycles. 


e The sensitive vacuum tube voltmeter circuit 
measures AC voltage with an accuracy of +5% 


through a frequency range of 20 to 200,000 MODEL 600 DIP METER 
cycles. 


e The calibrated attenuator permits noise and 
db measurements over an extremely wide Covers 1.75 to 260 mc in 5 bands 
range. Monitoring jack & B+ OFF switch 

e The Model 410 is a quality instrument, attrac- Shaped for use in hard-te-get-at 
tively styled and nominally priced. places 


e Drop us a card for a Spec Sheet. Sturdy, color coded, plug-in coils 
Adjustable. 500 microamp meter 


Canal St. and Beaver Dam Rd., Bristol, Pa. 
Specialists in Designing and building equipment to operating specifications 


B&W also design and manufacture filters for: ANTENNAS* RADIO INTERFERENCE* RADIO RANGEe UHF and VHF 
os well as many special types designed to performance specifications. Available to commercial or military stondords. 
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Is your advertising selling 

the same four key buyers your 

salesmen call on? Competi- 

; tion demands it! Only adver- 

PA | 4 tising in electronics reaches 
a. and sells the electronics man 
a. wherever he is: in Research, 


TODAY YOR MUST SELL ALL FOUR! 


a Design, Production, and Man- 
4 fis agement. Put your advertis- 
ae ‘s ing where it works hardest... 


in electronics 
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PEOPLE AND PLANTS 





Research Center Under Construction 


GENERAL TELEPHONE AND ELECTRON- 
ICS LABORATORIES, INC., a subsidiary 
of General Telephone and Electron- 
ics Corp., is building a new research 
center at Palo Alto, Calif. Facility 
will occupy a 77-acre site immedi- 
ately southwest of the Stanford 
University campus. 

The main building will be ring- 
shaped, containing laboratories and 
offices for the technical staff. It 
has been designed for quick rear- 
rangement of office and laboratory 
combinations, to allow for changes 
in research projects and aims. A 


Liquidometer Names 
-Evans a V-P 


CAREY A. EVANS has been named vice 
president in charge of engineering 


106 


special supported floor system al- 
lows for rearrangement of conduit, 
storage and ducts in connection 
with other changes. 

Four separate round 
will house library, 
cafeteria, and 
fices. 

The facility will have a total of 
67,000 sq ft at a cost of approxi- 
mately $2.6 million in its first stage 
(somewhat less than half of the 
laboratory ring), and will provide 
office and laboratory space for a 
core staff of 175. 


buildings 
auditorium, 
administrative of- 


by the Liquidometer Corp., Long 
Island City, N.Y. 

Prior to joining Liquidometer, 
Evans was director of operations 
for the marine equipment depart- 
ment of the Northrop Corporation’s 
Nortronics Division. 


Pickering Elected 
Astrosonies President 


ELECTION of Norman C. Pickering 
as president and director of Astro- 
sonics, Inc., Syosset, N. Y., is an- 
nounced. He was formerly vice 
president and technical director of 


Avien, Inc., president of Charles 
Denning, Ltd., founder and presi- 
dent of Pickering & Co. 

Astrosonics’ laboratories and 
plant include advanced facilities for 
measurement, testing and product 
development, utilizing high-inten- 
sity sonic phenomena. 


Sah, Ferguson 
Take New Posts 


FAIRCHILD SEMICONDUCTOR’S’ Re- 
search & Development Laboratory, 
Palo Alto, Calif., has promoted 
C. T. Sah and Phillip Ferguson to 
section heads. 

Sah will head the laboratory’s 
physics section; Ferguson, the de- 
vice development section. 


General Microwave 
Appoints Pizzutiello 


APPOINTMENT of Robert Pizzutiello 
to the position of applications en- 
gineer is announced by General 
Microwave Corp., Farmingdale, 
i Bes & 

Pizzutiello was formerly with 
Microwave Dynamics Corp. as sales 
engineer. 


Warriner Moves Up 
At Raytheon 


BEN 
manager, 


WARRINER has been named 
product programs for 
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When you need POWER... 
choose a 


NEW NICAD 


Nickel Cadmium 
Rechargeable 


Batteries 


SEALED CELLS 

Hermetically sealed and 
rechargeahle, Nicad batteries 
are small in size, require no 
maintenance, operate in any 
position. They make prac- 
tical the battery operation 
of many types of equipment 
not previously suited to dry, 
mercury, or lead acid types. 


VENTED CELLS 

High surge power cells, in 
sintered or pocket grote 
types, are capable of sus- 














SEALED CELLS 


tained voltage at high dis- 
charge rates over a wide 
temperature range. They 
have extremely long life . . . 
little or no maintenance. For 
more of the POWER story, 


NICAD BATTERY DIVISION 


GOULD-NATIONAL 
BATTERIES, INC. E-1411 First Nati 
Bank Bidg., St. Paul 1, Minn. 





MODEL FL-202 


MODEL VO-38 > ee 
by — ‘ ps Serer 1 may MODEL TK-20A 


~ MOR TER Le 


| | a¢ 
Sana 


oe 


MODEL TR-C Ye) e) 2) 
MODEL VTVM-500 


KYORITSU ELECTRICAL INST. WORKS, LTD. 


No. 120, Nakane-cho, Meguro-ku, Tokyo, Japan 
Cable Address: “KYORITSUKEIKI TOKYO” 
Tel: (717) 0131~5 


CIRCLE 207 ON READER SERVICE CARD 





December 8, 1961 











For Military and 
Commercial 
yAN eo) 0} iker-uslelal— 


eis hsalil| 
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Rotary 
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These switches are designed to meet 
military and commercial specifications 
and ruggedly built to precision stand- 
ards. 

Grayhill No. 5000, No. 12, and No- 
24 Series. 1.01” dia. Break 1 amp., 115 
VAC, resistive. Carry 5 amps. I to 10 
decks, 2 to 10 positions per deck—1 or 
2 poles per deck—shorting or non- 
shorting. Life 100,000 cycles. Also No. 
24 Series, spring return switch. 

Concentric Shaft. No. 6 (1 to 3 decks 
per shaft—Total 6 decks) and No. 36 
Series (1 or 2 decks per shaft. Total 4 
decks). 1.01” dia. 2 to 10 positions per 
deck. Break 1 amp., 115 VAC, resistive. 
Carry 5 amps. Two switches in one. 4” 
shaft controls 14 of the decks, 44” shaft 
controls the other half. 

No. 45 Series Midget. .640" dia. 
Single deck only. 60° indexing. Break 1 
amp., 115 VAC, resistive. Carry 5 amps. 
Life 100,000 cycles. 


6 





vy Switch 
vy test 


v Connect 
*“N. Gineer® 


with 
GRAYHILL 
a 
Grayhill offers a full line of A 
Rotary Tap Switches, Push ? 
Button Switches, Test Clips, 
Binding Posts, and other 


miniature’ electrical and 
electronic components. 
ASK FOR CURRENT CATALOG. 
I 
Gra 


*"*PIONEERS 





523 Hillgrove Avenue 
LaGrange, Illinois 


IN MINIATURIZATION’’ 
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BROADBAND 
VERTICAL asm 
RADIATORS for frequency ranges from 2 to 6 mc. 


4.5 to 13.5 mc.-11 to 33 mc.—or similar ranges 


A multi-frequency service radiator requiring no matching equipment 
ADVANTAGES 





@ Extremely constant input impedance WIND TURBINE COMPANY 


over a wide frequency range. WEST CHESTER, PA. 
@ Power handling capacity to 150 kw. or Phone: OWen 6-3110 
more. ‘ 


CREP: Getemanes: apm: is. OF TRYLON TOWER AND ANTENNA SYSTEMS 
better than a conventional radiator os - aaiaiidiinat 
without the need of impedance match- © RESEARC . 
ing equipment. © DEVELOPMENT e INSTALLATION 





Write, wire or phone for information or application to your requirements. 
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military qualified 
UN LITTON MINIATURE 
©, SHAFT ENCODERS 


8,13, AND 18-BIT 
waz 


<~s @ Twice the resolution. 32-to-1 gear ratio. 
e 2° count for one shaft rotation. 


e 5,000,000-revolution life expectancy. 


e Performance proven for: 
Temperatures within —55°C to 100°C. | 
Altitude to 70,000 feet. | 
Vibration of 5 to 2,000 cps to 10 g. 
Shock to 15 g. 

Humidity per MIL Standard 202A. 
Non-flammability. 


For complete information, contact 
Products Marketing Department, Litton 
Systems, Inc., Guidance and Control 

Size 11 Encoder, actual size Systems Division, 5500 Canoga Avenue, 
Woodland Hills, California. 


GUIDANCE AND CONTROL SYSTEMS DIVISION 
A DIVISION OF LITTON INDUSTRIES 


[B LITTON SYSTEMS, INC. 
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Raytheon Company’s Microwave 
and Power Tube Division, Burling- 
ton, Mass. 

Warriner joined Raytheon in 
January of this year. Earlier he 
had been with Collins Radio Co. as 
manager of the research and de- 
velopment division and as its gov- 
ernment representative at Hanscom 
Air Force Base, Bedford, Mass. 


Form New Company 
In Massachusetts 


FORMATION of Damon Engineering, 
Inc., Needham Heights, Mass., is 
announced. Co-founders of the new 
company are: David I. Kosowsky 
(picture), president and treasurer; 
Carl R. Hurtig, vice president; and 
Austen H. Madeson, sales manager. 
All were previously associated with 
Hermes Electronics Co. 

Products of Damon Engineering, 
Inc. include quartz crystal filters, 
oscillators and other frequency se- 
lection and control networks. Cus- 
tom built systems for spectrum 
analysis and telemetry will also be 
offered 


Levin Advances 
At Power Designs 


JOHN K. LEVIN is appointed vice 
president in charge of manufactur- 
ing at Power Designs, Inc., West- 
bury, L.I., N.Y. He will continue to 
fulfill the responsibilities of plant 
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Gamewell made 


this special 
completely from 
scratch. 


Every part of this rotary 
switch was newly designed 
by Your Engineered 
Specials service to meet 

a customer's special 
requirements. The unit 
provides bi-directional 
operation at 160 rpm max. 
It is rated at 28 VDC, 60 ma 
... has high vibration 

and shock resistance 
..,and.—55° to +150°C. 
temperature range. 
Although this design 

called for only six poles 
and 11 switching segments, 
many more could have 
been provided. 


Gamewell's YES service 
has developed answers 

to hundreds of special 
“pot” problems. Interested? 
Write for the full story. 


EYour 
@ngineered 


Specials service 


THE GAMEWELL COMPANY, POTENTIOMETER DIVISION, 
1418 CHESTNUT STREET, NEWTON UPPER FALLS 64, 
MASS. A SUBSIDIARY OF E. W. BLISS COMPANY 
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SPAN GINS 
INES: 


oa 
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VERNITRON 3-MINUTE CONTROL SYNCHROS 
DELIVERED ON REGULAR | 
PRODUCTION BASIS .% 


ALL SIZES—11 through 23 

ALL TYPES—tTronsformers, Transmitters 
Differential Transmitters — Thru-Bore 
and Standard 

ALL ENGINEERED & MANUFACTURED TO: 

MIL-S-2335 MIL-S-16892 FXS-1066 

MIL-S-12472 MIL-S-20708A 

ALL AVAILABLE WITH MAXIMUM ELEC- 

TRICAL ERROR OF +3 MINUTES! A maior 

break-through, made possible by VERNI- 

TRON specialization in precision synchro 

component design and manufacture. 





WRITE, WIRE, PHONE 
NOW for complete 
price, delivery and 
specification data; 

ask for new 
Vernitron Catalog 


Ee F2 RIE T ERROR ins in precision 


SERVO COMPONENTS 


cor FP ©S FR Arta ew 


06 Old Country Rd., Garden City, N.Y. Ploneer 1-4130 TWX: G-CY-NY-1147 
West Coast Plant: 1742's So. Crenshaw Bivd., Torrance, Cal.—FAirfax 8-2504 TWX: TNC-4301 
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Acoustical Components 


of Superior Quality 


JAPAN PIEZO supplies 80% of Japan’s crystal 
product requirements. Here are a few examples 
of our capabilities. 


MICROPHONE 
Crystal — X-29 
At 20°C, IKC/s, Sensitivity is 
—58 +5db. Impedence: 100KQ). 
Capacitance: 1,500 pF. 








STEREO CARTRIDGE 

Crystal—"PIEZO" Y-130 PHONOGRAPH MOTOR—DC 
X'TAL STEREO CARTRIDGE PM—31-1 
At 20°C, response: 50 to 10,000 
c/s with a separation of 16.5db. ¥ OV, SARS Ok He-loat curren. 
0.6V output at 50 mm/sec. Track- 4, 35mA; food current, 80 mA. 
ing force: 6+1gm. Compliance: ®_ Starting torque, 13g-cm; load 
1.5X 10-6 cm/dyne. Termination: torque, 5g-m. Size: 2.4cm X 4.6cm. 
IMQ) + 1 50pF. Weight: 100 gm. 





Res) JAPAN PIEZO ELECTRIC CO., LTD. 


Kami-renjaku, Mitaka, Tokyo, Japan 
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MAJOR ADVANCE IN 
THE SCIENCE OF 
ELECTRON BEAM DEFLECTION! 


SPOT RECOVERY 


Fastest! tol us 


SPOT SIZE 
Smallest - by 25% 


SPOT SWEEP 


Straightest........ 


** DEFLECTRONS for DISPLAYS 
Where ordinary precision 
yokes FAIL to meet your 
requirements. 


Write for NEW “DEFLECTRON” 
Data and Standard Yoke 


Catalog. D> 


Celco 


Constantine Engineering 
Laboratories Ca. 


Main Plant: MAHWAH, N. J. DAvis 7-1123 


PACIFIC DIV.—UPLAND, CALIF. YUkon 2-0215 
CENTRAL DIV.—LANESBORO, PA. ULYsses 3-3500 








| manager, 


| Lynch Communications 
| Inc. Earl M. Underhill advances at 
| Crucible Steel Co.’s Magnet Div. 
| to manager of engineering. 
| liam A. Matthews moves 

| Kollsman 
| Winchester Electronics, Inc., as 
| general 
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manager, a position he has held 
with the company since 1959. 

Power Designs, Inc., is engaged 
in the design and manufacture of 
high reliability power supplies for 
defense, industry and research lab- 
oratories. 


Donald Chrisman 
Takes New Post 


DONALD W. CHRISMAN has been ap- 
pointed director of planning for the 
Martin Electronic Systems and 
Products division, Baltimore, Md. 
He will be responsible for the divi- 
sion’s operational and long-range 
planning. 

Chrisman formerly 
Martin corporate staff. 


was on the 


PEOPLE IN BRIEF 


Charles Terrey, formerly with 
Bailey Meter Co., has joined Datex 


Corp. as a development engineer | 
in the electronic products group. | 
| Harold Rind, of Republic Aviation 
Corp., 


is named chief of its Space 


Environment Laboratory. Robert 


| Neyman previously with Elgin Mi- 


cronics, is appointed technical 
electronics and com- 
munications projects, at Cannon 
Electric Co. Paul Gallagher leaves 


Transitron Electronics Corp. to be- 


| come section head, preproduction 

engineering, at Rheem 
| ductor Corp. Paul F. Radue, ex- 
| ITT Kellogg, now applications en- 


Semicon- 


gineer in the marketing division of 
Systems 


Instrument Corp. to 


Robert B. Martin 
to Colin Camp- 


mer. 
from Airpax, Inc. 
bell Co. as chief engineer. Richard 
M. Mock, Lear Inc. executive, 
elected a director of Astrodata, 
Inc. Robert W. Brooks, former 
president of Computer Control Co., 
Inc., 
mgr. of Adage, Inc. Sylvania Elec- 
tric Products Inc. ups James O. 
Lawson to manager of quality con- 
trol for the Parts Div. Ward C. 
Low, ex-Mitre Corp., joins LFE 
Electronics as technical director 
for the Systems Div. 
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named product department | 


010 1500 V 


COMPLIANCE 


with ELECTRONIC 
MEASUREMENTS 


MODEL C638A 


CONSTANT CURRENT 


POWER SUPPLIES 


You'll find a whole new world of 
application in Electronic Measure- — 
ments Constant Current Power Sup- 
plies. Take the husky Model C638A 
shown here. It'll deliver up to 
1500 V de at any output current 
from a few microamperes up to 
100 ma. There are other features 
too...a modulation input, pro- 
grammability, less than 0.01%+1 a 
ripple ... and the all-important volt- 
age control that lets you set the 
maximum voltage compliance. 


For complete information ask for 
Specification Sheet 3072B. 


BRIEF SPECIFICATIONS 


VOLTAGE 
COMPLIANCE 
(MINIMUM) 


100 V 
300 V 





RANGE 
MIN. MAX. 


100 ma. 
> 100 ma. 
a 100 ma. 
u 220 ma. 
“ 220 ma. 
Lh 
7 
a 


MODEL 


C612A Tu 
Cé631A 1 
C638A 1 
C624A 2. 
C632A 2. 
2. 
2. 
5 





C629A 
C633A 
C620A 
C621A 


300 ma. 
300 ma. 
500 ma. 
500 ma. 
C613A 1 AMP 
C614A 1 AMP 


5 ya 
10 wa 





ee ic 
| eee ENTS 
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CORPORATED 
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CIRCUIT 
DESIGN 


If this is your career in- 
terest, we have projects 
involving digital com- 
puters of extremely small 
size. Let us tell you more 
about this — confiden- 
tially. Write to Mr. Harry 
Laur — Research and 
Engineering Staff. 


Qualified applicants will be considered 
regardless of race, creed, color or 
national origin. 


LITTON SYSTEMS, INC. Data Systems Division 
Canoga Park, California 


ACCURACY WANTED? 


This new Universal Bridge adds to the wide variety from which 
an engineer must choose. But Model 1313 has both 14% 
P\ovel ti ¢-losme-lale Mm lig -1o1 aad -t- Lele] Uh emmorelaalelial-c-Mall-4a Mme (olglaallat-1¢(ela) 
Th dam» ot-19) dlolat-1M-1-1-1-Me) MUL 1mm Bl) < loco] ae. \C1OME'T-lar-le)(-Mic-1e 1! 1-1a1e0 
operation and functional styling are all plus features. 


14H to 110H, 7 decades 
luuF to 110uF, 7 decades 
: 012 to 110M2, 8 Decades 
Accuracy: ... %4% 
Discrimination: 5000 div’ns / Decade 
Frequency: 1Kc, 10Kc. 100 cps to 20Kc 
with ext. osc. 
Readout:. . . . Direct—no multiplying 
factors 


MAKE NO MISTAKE 
MEASURE WITH : 


_tN 


“fe 
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looking for better than 
jewelry quality 
in precious metal tubing? 


If you are a nuclear or electronics engi- 
neer looking for a supply of jewelry 
quality small tubing in silver, gold, 
palladium or their alloys, here’s good 
news! The quality tubing you seek is 
available from UNIFORM TUBES with 
O.D.’s from 0.005” to 3%”. What’s more, 
you can order this tubing precision 
drawn to any wall thickness from 0.035” 
down to 0.001” within tolerances of 
+ 0.0005” ... +0.00025” on the small- 
est sizes! 


UNIFORM cuts this tubing to specified 
lengths with ends square and free of 
burrs. UNIFORM’s experience in working 
precious metals is also available for the 
fabrication of tubular parts. Flaring, 
coining, bending and other fabricating 
steps are completed with the same pre- 
cision and skill applied to drawing the 
precious metal tubing. 


Where the corrosion resistance or spe- 
cial properties of a precious metal are 
needed on either O.D. or I.D. only, 
UNIFORM supplies COMPOSITE TUB- 
ING with the precious metal drawn 
over a precision tube of a less expensive 
base metal or vice versa. 


Composite tubing meets the same close 
tolerances and quality standards 
UNIFORM sets for tubing of silver, gold, 
palladium or their alloys. 


Phone, wire or write today for details 
and a quotation. Delivery is normally 
less than three weeks, 


UNIFORM TUBES, 


INC. COLLEGEVILLE 2, PA. 


HUxley 9-7276 TWX-CGVL 1044 
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EMPLOYMENT OPPORTUNITIES 


electronics 


WEEKLY QUALIFICATION FORM 
FOR POSITIONS AVAILABLE 


ATTENTION: COMPANY SEE PAGE KE 
ENGINEERS, SCIENTISTS, PHYSICISTS vis Redwood City. California nti 


‘ RICHARD D. BREW & CO., INC. 88* 
This Qualification Form is designed to help you advance in the elec- Concord, New Hamp hit 


: . : ELECTRO-MECHANICAL RESEARCH INC. 114 
tronics industry. It is unique and compact. Designed with the assistance Sarasota, Florida 





of professional personnel management, it isolates specific experience in serie Resistor Corp. 6 
electronics and deals only in essential background information. Erie, Pennsylvania 
GARRETT CORPORATION ; : 114 
The advertisers listed here are seeking professional experience. Fill in eg cg eee gy Div. 
the Qualification Form below. GENERAL DYNAMICS /ASTRONAUTICS 
San Diego, California 
GENERAL DYNAMICS / ELECTRONICS 


STRICTLY CONFIDENTIAL ee ee 
GENERAL ELECTRIC CO. 


Your Qualification form will be handled as “Strictly Confidential” by Missile & Space Vehicle Dept. 


e . , Philadelphia, Pa. 
ELECTRONICS. Our processing system is such that your form will be HUGHES AIRCRAFT COMPANY 


forwarded within 24 hours to the proper executives in the companies ane Ya Caliternia 
you select. You will be contacted at your home by the interested com- HUGHES AIRCRAFT COMPANY 84* 
: El Segundo, California 
panies. HUGHES AIRCRAFT COMPANY 80* 
Tuscon Engineering Lab. 
M CORPORATION, 15 
1BM 
WHAT TO DO Mew York, New 
: a ti ‘ LAWRENCE RADIATION “LABORATORY 88* 
. Review the positions ir the advertisements. oe Livermore, California 
- Select those for which you qualify. pn Inc. ” 
p . % Binghamton, New York 
ragragenianicd —— m on LITTON SYSTEMS INC. m1 
. Circle the corresp g key below the Qualification Form. Data Systems Div. _ 
. Fill out the form completely. Please print clearly. secu cnn ane 50 
. Mail to: D. rawksby, Classified Advertising Div., ELECTRONICS, Surteuk Caan Aircraft Corp. 
ifornia 
Box 12, New York 36, N. Y. (No charge, of course). CONTINUED ON PAGE 116 
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electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
Personal Background Education 
PROFESSIONAL DEGREE(S) 
MAJOR(S) 





FIELDS OF EXPERIENCE (Please Check) CATEGORY OF SPECIALIZATION 


Please indicate number of months 


experience on proper lines. 
O Acrospace CO Fire Control OC Radar Technical © Supervisory 
Experience 


gf Antennas 0 Human Factors OC Radio—TV RESEARCH (pure, 
["] asw ] intrared ] simutaters — basic) 
(_] circuits 1 instrumentation ] solid state aan 
CJ Communications ‘a Medicine ‘a Telemetry (New Concepts) 
DEVELOPMENT 
i Compenents CT) Microwave ' (Medel) 
DESIGN 
a Computers C] Navigation ee (Product) 
MANUFACTURING 
[Jeem (Preduct) 


FIELD 
(] Electron Tebes [_] optics (Service) 


SALES 
Cl Engineering Writing TC Packaging (Proposals & Products) 


CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU 
$ 6 7 8 9 210 4 92 13 4° 35-36 37 3 WS. 20 21 2 Om Ue US 
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ANTENNA & PROPAGATION 7 
ENGINEERS: To carry on theo- 


retical & experimental studies 
of advanced nature for all radio ) 


Senior Staff Consultant 


for all System Level Experimentation 
frequency bands. EE’s. (Ad- 


vanced degree preferred.) Mini- ») in Electronics for all MSVD oo & SATELLITE ELECTRONICS 
mum of 6 years experience. @ System problems include: stabi- Pe A Significant Opportunity_ for 
wey wey lization and attitude control of an Engineer with a Record of 
; satellites and re-entry vehicles; Achievement. An advanced degree 
cakes space/ground communications ; : — MS or PhD and a minimum of 10 
orbit navigation and control; years applicable experience is manda- 
mid-course and terminal space- tory for the highly competent and crea- 
craft navigation and guidance. tive man required for this position. He 
will guide an organization responsible 
for the development of very advanced 
components for missile & satellite 
applications. These include in- 
coders, command circuitry, 
transmitters, digital 
electronics, etc. 


MANAGER 


ADVANCED MISSILE 








Ground Support 
Electronic Systems 


Engineer An advanced degree is essential for this 
outstanding opportunity for high level, 
original work; also a substantial back- 
ground in systems design. Experience in 
radar & communications helpful. e 


Design and development of 
ground electronic systems 
through the RF spectrum for 
application in the support sya- 
tems of re-entry or space 


> 
tS 
Wis 


. ce tf 
, Weypyece 
AQYAUGED SYSTEMS ENGINEERING 
ECM SUB-SYSTEMS for 
Advanced Reconnaissance Vehicles 
Contribute substantially to synthesis & 
analysis of these systems, utilizing famili- 
arity with RF interference jammers, scan- 
ning receivers, modulation techniques, 
electronic decoys, etc. 


ak Physics or Electronics Degree plus s minimum of 5 years related experience. 


Se he hee ae eae ae ae ae ae ae he ee ee 


(‘rELECOMMUNICATIONS\ 


CONSULTANT 


vehicles. A technical specialist 
position requiring a BSEE, 6 
years experience and a back- 


IMMEDIATE OPENINGS 
ground in such fields as com- 
munications, telemetry or radar. AT THE MISSILE & SPACE 
ry) .. VEHICLE DEPARTMENT 
PHILADELPHIA, PENNSYLVANIA 


Your 


garding 


inquiry is inv 
any of the positions 
- en npassing 


Diversified Assignments 
for Design Engineers 


Logic Circuit Design 
Provide high level technical evaluation 
of digital techniques as applied to auto- 
matic programming systems for check- 
out equipment and airborne instrumen- 
tation. Requires EE with broad digital 
background from systems philosophy to 


areas of space s 


gee ee Tee Ia ee ae 


and engineering — listed or Essentials for this position 


ee ee a a ae 


this page. Please use 
INQUIRY CARD prov 
for your 


. A 
ymnvenien P A 








prompt answer is guaran 


id-1-10 ba 0] 0] mm ovelabilel-lalel-mmn it 


be respected 


final design. 8 


Digital Components 
& Circuits 
Design and evaluate A/D and D/A con- 
verters, multiplexers, parity check gene- 
rators, digital storage devices, binary 
counters, etc., for both airborne and 


RADAR SYSTEMS @ 
Re-Entry Guidance & Space Navigation 
Apply radar systems principles to problems of 
re-entry-guidance and space navigation; define 
parameters-of the technical concept and main 
tain project control over full engineering effort 
Requires EE, strong background in radar systems 











TO LEAD STUDIES AND PRELIMINARY DESIGNS 
INVOLVING ALL ELEMENTS OF INTERCONTINEN- 
TAL COMMUNICATIONS SYSTEMS: COMMUNICA- 
TION CENTRAL SWITCHING CENTERS, LOAD 
ANALYSIS. ETC. QUALIFICATIONS: PHD OR DEEP 
EXPERIENCE IN COMMUNICATIONS SYSTEMS 
SYNTHESIS AND PLANNING. THE CALIBRE MAN 














ground digital equipment. EE with 2-5 
years experience. @ 


MAAMAA. 


SOUGHT FOR THIS IMPORTANT POSITION WILL 
HAVE PUBLISHED PAPERS IN RELATED ae 





PRO FESSIONAL EXPERIENCE Sins enh aaa soplicable jobs) All qualified applicants will continue te receive consideration for employment without regard to rece, creed, color, or national origin. 


Company. Position 


Salary 





Years of experience (from) (to) Assigned Duties 











Company Position 





Years of experience (from), Salary. Assigned Duties 











PERSONAL DETAILS name 
Home Address 
State 


Education undergraduate 








Telephone U.S. Citizen Yes. Not 











College Degree Year of Graduation 


Graduate 





College Degree Year of Graduation 


Position Objective (primary job preference, level of responsibility, salary expectations) 











| am interested in the following position(s) 


FIR Sc venddeuneancceeséyans E, 
Instrumentation & Communication Cc, E, @, S, T, 
Systems Analysis M 
I 6 6. 5.6455 64a daascoakeseakens H, 
Ground & Space Support 

Analog & Digital Techniques 


> Simply circle the appropriate let- 
ters of those positions that meet your 
professional interests and qualifica- 
tions, fill in the questions to the left 
—attach a resume if you have one 
handy — and airmail to: 

Mr. Frank Wendt 

Missile & Space Vehicle Department 
General Electric Company 

3198 Chestnut Street 

Philadelphia 4, Pennsylvania 


GENERAL @ ELECTRIC 





EMPLOYMENT OPPORTUNITIES 


DEVELOPMENT 
NGINEERS oc 


Solid State Circuit Design 





©-rn-Fr 


Maximum Responsibility ! 


Several fine opportunities are now available in expanding 
project areas. 


Generator Development Engineer 


This position requires a man for design and development 
work on high speed alternators. A comprehensive knowl- 
edge of alternator design is needed with special emphasis 
on high speed, high frequency machines. BSEE and 3-5 


years experience required. 


Development Engineer for Advanced Motors 


Prefer physicist, or EE, for work involving electro- 
magnetic theory as applied to advanced electric motor 
studies. This work involves investigation of electrical, 
thermal and mechanical phenomena, with immediate 
assignment dealing with solid rotor motors. 

Work will involve machine studies using’ modern 


computer techniques. Requires 3-5 years experience. 


Development Engineer for Solid State Circuit Design 


This work involves design and development of solid state 
power conversion equipment. Experience is needed in the 
operation of silicon controlled rectifiers in power handling 
circuits. Requires BSEE and 3-5 years experience. 


Garrett is an “equal opportunity” employer. Send 
complete resume to Mr. Thomas Watson. 


AIRESEARCH MANUFACTURING DIVISION 
9851 So. Sepulveda Blvud., Los Angeles 45. California 








FOR 
CREATIVE 


WITH 


FOLLOW-THROUGH 
CAPABILITIES 


By maintaining a reputation for 
technical engineering excellence 
and a position of leadership in re- 
search and development, Electro- 
Mechanical Research, Inc. (e-m-r) 
has become the largest of all 
companies specializing in telem- 
etry systems. Today, with the 
space age bringing new and vital 
significance to the field of 
electronics, e-m-r affords mature 
engineers an environment for 
maximum responsibility and per- 
sonal growth. 


SYSTEMS ENGINEERS — 
DIGITAL (Telemetry) 


The full weight of the e-m-r engi- 
neering approach is brought to 
bear on these demanding posi- 
tions. A high level of engineering 
creativity and skill is required. 
Most important, there must be a 
real desire to participate in the 
entire digital systems effort, in- 
cluding synthesis, development 
and construction of “custom sys- 
tems’’. Compensation proportion- 
ate to “follow-through” ability. 


Minimum of 3 years experience 
in detailed design in such areas 
as digital circuits — using semi- 
conductors and magnetic ele- 
ments — transistor implemented 
low level amplifiers, ferrite core 
memories, logic design of digital 
computer, analog to digital con- 
verters, feed-back amplifiers, 
servomechanisms, and RF trans- 
mitters and receivers — 100 to 
1000 megacycle range. 


Direct confidential inquiries to 
ROLAND E. HOOD, JR. 
Personnel Manager, Systems Division 

Clectro- 
Mechanical 
Fesearch, inc. 


P. O. Box 3041-C 
Sarasota 2, Florida 


An equal opportunity employer 


electronics 





HOW TO SELL TO THE GOVERNMENT 


Key reference is your 1961 electronics Buyers’ Guide and Refer- 
ence Issue. Your 1961 EBG Reference Section includes a survey 
of military and government procurement methods with phone 
numbers, addresses and procurement officers’ names. EBG lists 
main government books, pamphlets, and periodicals on the sub- 
ject, and the military and government agencies that buy elec- 
tronic equipment and services and what these agencies buy... 
plus a helpful run-down on specifications for this important 
segment of the electronics industry. And that’s only part of the 
Reference Section; only part of your 1961 EBG. 


MORE EBG EXCLUSIVES 
1. Actual name of the man to call on in each company for key 
information about prices, delivery dates, specifications, etc.— 
a first-time exclusive. 
2. Company statistics— another new exclusive—that give you 


dollar-volume, number of engineers, number of employees, etc., 
for each company listed. 


3. Complete index of editorial articles that have appeared in 

electronics during the last 12 months. 

4. Abstracts of feature articles listed in the editorial index from 

electronics. Plus these EBG features: 

e Specific product listings—accurate, complete, authentic, more 

than 3,000 of them cross-indexed. 

e Registered trade name index—lets you find the manufacturer 

of a product when you know it only by its 

trade name. a 

e Local sales office listing— makes it easy | 

to find name, address and phone number 

of a manufacturer’s nearest sales office. 
These are all factors that make your EBG 

the most essential buying and selling refer- 

ence in the electronics industry. Keep your 

EBG close at hand—it will pay off in more 

ways than one. 


ectronics 
YERS’ 
UIDE 


¢ REFRRENCE Ineo 


electronics buyers’ guide and reference issue 7he Basic Buying Guide in Electronics since 1941 


@® D> A McGRAW-HILL PUBLICATION 330 West 42nd St., New York 36, N. Y. 


December 8, 1961 
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EMPLOYMENT OPPORTUNITIES 








SENIOR & ADVANCED-LEVEL 


ENGINEERS 


ADAR 


EQUIPMENT DEVELOPMENT 
AND SYSTEM DESIGN 


Important assignments are immediately available to experienced radar engineers 
capable of assuming a high degree of responsibility. General Dynamics | Electronics is 
a newly formed division of General Dynamics Corporation, and the men selected to 
staff these positions will participate in the initial phases of organization, planning, 
and the creative aspects of radar systems and equipment design and development. 


Specific openings are for the following specialists: 

e RADAR SYSTEMS ANALYSTS 
ANTENNA SPECIALISTS 
MICROWAVE TRANSMITTER SPECIALISTS 
SERVO-MECHANISMS ENGINEERS 
ADVANCED DESIGN ENGINEERS 
SOLID STATE CIRCUIT ENGINEERS 

e MATHEMATICIANS 


These positions provide the opportunity to perform highly origi- 
nal and creative work at an advanced state of the art. Salaries 
and benefits are among the best in the industry. Relocation ex- 
penses will be paid, of course. For complete details or to arrange 
a confidential interview in your area, write: 


Mr. B.L. Dobler, Industrial Relations Administrator-Engineering, General 
Dynamics |Electronics, 3302 Pacific Highway, San Diego 12, California 


AN EQUAL OPPORTUNITY EMPLOYER 


* 
ALL INQUIRIES WILL RECEIVE A REPLY WITHIN FIVE DAYS 


GID 


GENERAL DYNAMICS 
ELECTRONICS 


MILITARY PRODUCTS DIVISION SAN DIEGO 12, CALIFORNIA 














p= SALES ENGINEER™ 


NAVIGATION 
ELECTRONIC 
INSTRUMENTATION 
SYSTEMS 


Engineering degree and sea-going 
experience desirable. Must be 
aggressive sales representative with 
a successful record, possess a thor- 
ough knowledge of navigation elec- 
tronic instrumentation systems along 
with government procurement prac- 
tices. Experience in government 
sales helpful. 
SALARY OPEN 
Our staff knows of this ad 
Please send resume to: 


P-7843, Electronics 
Class. Adv. Div., P.O. Box 12, N.Y. 36, 
N.Y. 


An Equal Opportunity Employer 








TRANSFORMER ENGINEER 


With experience in the design and devel- 
opment of Hi-Frequency and Pulse trans- 
formers for commercial and military ap- 
plications. 

Ideal opportunity for ambitious man to 
develop full potential of present small de- 
partment. Salary—open. Location—Erie, 
Pa. Call or send resume to Chief Engineer 


Erie Electronics Division 
Erie Resistor Corporation 


645 West 12th Street 
GL 6-8592 


Erie, Pa. 








ENGINEERS—SCIENTISTS 
MORE AND MORE COMPANIES 


are continually ing to us for help! 


WHY DON’T YOU? 





S.E.E. client companies are wide in variety 
—large and small—with opportunities at all 
levels, as diverse as “‘the state of the art’. 
Employers pay placement fee and relocation 
costs. If you are interested in advancement— 


Send Resume to: 


SCIENTISTS, ENGINEERS & 
EXECUTIVES, Inc. 
1026-17th St. N.W., Washington 6, D. C. 


electronics 
WEEKLY QUALIFICATIONS FORM 


FOR POSITIONS AVAILABLE 


(Continued from page 112) 


COMPANY SEE PAGE KEY # 
=. SERVICES INTERNATIONAL, 











Denville, New Jersey 
NATIONAL CASH REGISTER co. 55* 
Electronics Division 
Hawthorne, California 
we — REGISTER CO. 88* 


Dayton, Ohio 
NATIONAL SCIENTIFIC LABORATORY INC. 88* 
Washington, D. C. 
REMINGTON RAND UNIVAC 83° 
4 < Sperry a Corp. 
Paul, Minne 
SCIENTISTS, ENGINEERS & EXECUTIVES ose 


Washington, D. C. 
7843 116 23 


*These Advertisements appeared in the 12/1/61 
issue. 
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SEARCHLIGHT SECTION 





POSITION VACANT 





Experienced Production man on solid Tanta- 
lum capacitors for Calif. firm. Practical man 
preferred. Give complete resume—absolutely 
confidential. P-7851, Electronics, Classified 
Adv. Div., 255 California St., San Francisco 
11, Calif. 





MANUF ACTURERS’ 
REPRESENTATIVES 


IN THE ELECTRONIC INDUSTRY 








SAMUEL K. MACDONALD, INC. 


manufacturers representatives ver 25 yeors 


1531 SPRUCE STREET, PHILA. 2, PA. 
Territory fol] Tim elias) 
Pennsylvania e New Jersey Pittsburgh 
Delaware e Maryland Baltimore 
Virginia @ West Virginia Washington, D.C 
District of Columbia 





SEARCHLIGHT 
SECTION 


(Classified Advertising) 


BUSINESS OPPORTUNITIES 
EQUIPMENT - USED or RESALE 


GET IT from GOODHEART! 


0.1% SORENSEN Line Voltage Regulator 
zS 


ew at 











z= S000: 
low surplus 
5-130 Vv. 


Pp 
put adjustable 
> and holds to 
+0.1% at line frequency, 
or to +0.25% if line fre- 
quency drifts 5%. Regu- 
lates against line changes 
of 95-130V an i 


rac 
wd, 18” dp. Net wt 190 Ibs. 
- ¥. In original facto 
suitable for export, inciudin SPARE PART 
group. Sorensen catal net Price is S8os. 349 
‘ess spares. Our price, WITH SPARES ° 





#10, same as above but 10 kva, factory-recondi- 
tioned, fob Norwalk, Conn., 95.00. = -2S, 
190-260 V 1 ph to 230 V, fob Los Ang., $179.50. 





Write us, stating your specific needs in Line Volt- 
age Regulators. Receivers, Signal Geneators, Trans- 
tte Frequency Standards, Graphic 

» all at tow surplus prices, all certi- 








fied and guaranteed unconditionally. 


R. E. GOODHEART CO. 


P. O. Box 1220-E Beverly Hills, Calif 
CIRCLE 460 ON READER SERVICE CARD 


LIFSCHULTZ 


FASTEST 10 BOTH COASTS 














Over 62 years of de- 
pendable ON-TIME 
Freight Forwarding 
Service. 
We welcome your 
inquiry. 


CIRCLE 461 ON READER SERVICE CARD 
December 8, 1961 
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ALL TUBES ARE NEW, INDIVIDUALLY CARTONED, FULLY GUARANTEED 


nse Western engineers *ii22°° 


rocessed 
ELK GROVE, CALIFORNIA 


SUPPLIERS OF ELECTRON TUBES SINCE 1932 
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SEARCHLIGHT SECTION 


Full azimuth and elevation sweeps 360 degrees 
in azimuth. 210 degrees in elevation. Accurate 
to 1 mil. or better over system. Complete for 
full tracking response. Angle acceleration rate: 
AZ, 9 degrees per second squared EL, 4 degrees 
per second squared. Angle slewing rate: AZ 
20 degrees per sec. El. 10 degrees per sec. 
Can mount up to a 20 ft. dish. Angle tracking 
rate: 10 degrees per sec. Includes pedestal 
drives, selsyns, potentiometers, drive motors, 
control ampildynes. Excellent condition. Quan- 
tity in stock for immediate shipment. Ideal for 
missile & satellite tracking, antenna pattern 
ranges, radar system, radio astronomy, any 
project requiring accurate response in elevation 
ond azimuth. 

Complete description in McGraw-Hill Radiation 


SCR 584 RADARS 
AUTOMATIC TRACKING RADAR 
Our 584s in like new condition, ready to go, 
and in stock for immediate delivery. Ideal for 
research and development, airway control, 
GCA, missile tracking, balloon tracking, 
weather forecasting, antiaircraft defense tacti- 
cal air support. Write us. Fully Desc. MIT Rad. 
Lab. Series, Vol. 1, pps 207-210, 228, 284-286. 


AN/TPS — ID RADAR 
500 kw. 1220-1359 mcs. 160 nautical mile 
search range P.P.!. and A. Scopes, MT!. thra- 
tron mod. 5J26 magnetron. Like new. Com- 
plete system incl. spare parts and gas genera- 
tor field supply. 


AN/TPS — 10D HEIGHT FINDER 
250 KW X-Band. 60 & 120 mile ranges to 60,- 





Warren Paley 
of 
TALLYMASTER, 


INC. 
Calls 


UNIVERSAL 


Laboratory Series, Volume 1, page 284 and 000 feet. Complete. 
page 209, and Volume 26, page 233 AN/APS — 158 3 CM RADAR 


Airborne radar. 40kw output using 725A mag- 
netron. Model 3 pulser. 30 in. parabola 
stabilized antenna. PPI scope. Complete 

MIT MODEL 9 PULSER system. $1200 each. New. 

1 MEGAWATT — HARD TUBE 10KW 3 CM. X BAND RADAR 
Output pulse power 25 KV at 40 amp. Max. Complete RF head ae transmitter, re- 
duty ratio: 002. Uses 6C21 pulse tube. Pulse ceiver, modulator. Uses 2)42 magnetron. 
duration .25 to 2 microsec. Input 115 volts Fully described in MIT Rad. Lab. Series Vol. 
60 cycles AC. Includes power supply in sepa- 1, pps. 616-625 and Vol. II, pps. 171-185 
rate cabinet and driver. Fully guaranteed $375. Complete X Band Radar System also 
as new condition. Full Desc. MIT. Rad. Lab. avail. incl. 360-deg. antenna, PPI. syn pwr 
Series ‘‘Pulse Generators.” supply. Similar to $17,000 weather radar 

now in use by airlines, $750 complete. 
500 KW PULSER 


: 10 CM. WEATHER RADAR SYSTEM 
hyrat Modulator. 22KV 

SOE oon HV Fil Sopplice 3 pulse US Navy Raytheon, 275 KW peck output S get the relay | needed 
length rep rates: 2.25 usec 300 pps. 1.75 a ange — — aac Pee yr et regardless of 
: Vv agnetron suppli or any - Se , 
P+ gpa oon. A eas SE pon: SEEN 68 quency specified, incl. Weather Band. 4, 20 brand name. Their 
; and 80 mile range, 360 degree azimuth 
MIT MODEL 3 PULSER scan. Sensitive revr — 2K orn — 
: IN21B. Supplied brand new complete wit 
a a a ae Se instruction books and installation drawings. 
micro sec. Input: 115v 400 to 2000 cps and Can be supplied to operate from 32VDC or 
24 vde. $325 ea. Full desc. Vol. 5 MIT Rad. 115 volts. Price $975. Ideal for weather 


: work. Has picked up clouds at 50 miles. 
Lab. series pg 140 Weight 488 Ibs. 
L BAND RF PKG. 
20KW peak 990 to 1040MC. Pulse width .7 to 
1.2 micro sec. Rep rate 180 to 420 pps. Input 
11 5vac. Incl. Receiver $1200. 
225 KW X-BAND RF 
4350 Magnetron RF Generator with dummy 
load & Dir. Cpir. Variable rep rates. Variable 
power output 115V 60-cycle AC input. New. 
$2400 complete. 


OD lpreen 


can deliver Amphenol 
Bendix 


Cannon 
CONNECTORS 
FITTINGS & CLAMPS 


We stock more than 5,000,000 MS/AN 
CONNECTORS .. of 50,000 variations! 
» In PRODUCTION QUANTITIES .. » we sell 
p BELOW “OEM.” PRICE . and off 

4 IMMEDIATE “OFF-THE-SHELF” DELIVERY! 


FREE Send for latest brochure 
*« « « and list price chart 
WILGREEN INDUSTRIES, Inc. 


102 Warren Street, New York 7, 
WOrth 4-2490-1-2 Wire: FXK 
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SMALL AD but BIG STOCK 


of choice test equipment 
and surplus electronics 
Higher Quality—Lower Costs 
Get our advice on your problem 
ENGINEERING ASSOCIATES 
434 Patterson Road - Dayton 19, Ohic 
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RELAYS 


“If it’s a relay—I call 
UNIVERSAL. | have 
always managed to 


tremendous inventory 
of current and hard- 
to-get relays has en- 
abled me to get what 


WARREN Pacey |! wont — when | 
President—E.E, wanted it.” 


he: yielemelelehy 
RELAYS 
in 20,000 
DIFFERENT TYPES 
— MAKES 4 
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FREE 32 PAGECATALOG 


OF INDUSTRIAL ELECTRONIC 
EQUIPMENT “BUYS” 
Test equipment, relays, tubes, ca- 
pacitors, resistors, switches, recti- 
fiers, transformers and hard to get 
items. 


WE WANT TO BUY LARGE OR SMALL QUAN- 
TITIES, oe TEST EQUIPMENT, RE- 
LAYS, SWITC 


CAPITOL COMMODITIES CO., INC. 
4757 N. Ravenswood Avenue 
Chicago 40, Illinois 
ALL PHONES : LOngbeach 1 3355 
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GLASS TUBING 
PYREX - NONEX - URANIUM 


BULB & CYLINDERS 
WRITE FOR FREE MONTHLY LIST 


HOUDE GLASS COMPANY 


PHONE COLFAX 4-4800 : -_ 
P.O. Box 206 Keyport, N. J. ‘ s catalog 
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TUBE & COMPONENT 


FREE...CATALOG 
BARRY ELECTRONICS 


512 BROADWAY WAlker 5-7000 
NEW YORK 12, N.Y. TWX: NY 1-3731 
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@ PRODUCTION QUANTITIES IN STOCK 


@ DELIVERY ON OFF-THE-SHELF ITEMS 
WITHIN 48 HOURS. DELIVERY WITHIN 
ONE WEEK ON RELAYS REQUIRING 
ASSEMBLY AND/OR ADJUSTMENT. 


WE DELIVER RELAYS 
NOT PROMISES 
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niversa RELAY CORP. . 


42A White St., N. ¥. 13, N. ¥. WAlker 5-9257 
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What do you need to know about 














PURE FERRIC OXIDES 
MAGNETIC IRON OXIDES 





Since the final quality of your production 
of ferrites and magnetic recording media 
depends on the proper use of specialized 
iron oxides—you'll find it mighty helpful to 
have the latest, authoritative technical 
data describing the physical and chemical 
characteristics of these materials. This 
information is available to you just for the 
asking. Meanwhile, here are the highlights. 


PURE FERRIC OXIDES—For the production 
of ferrites, both hard and soft, we manu- 
facture a complete range of iron oxides 
having the required chemical and physical 
properties. They are produced in both the 
spheroidal and acicular shapes with aver- 
age particle diameters from 0.2 to 0.8 
microns. Impurities such as soluble salts, 
silica, alumina and calcium are at a mini- 
mum while Fe,03; assay is 99.5+%. 

Tech Report tabulating complete chemical 
analysis, particle shape, particle size dis- 
tribution, surface area, etc., of several 
types of ferric oxides, hydrated ferric 
oxide, and ferroso-ferric oxide is available. 


MAGNETIC IRON OXIDES—For magnetic 
recording—audio, video, computer, and 
instrumentation tapes; memory drums; 
cinema film striping; magnetic inks; car- 
bon transfers; etc.—we produce special 
magnetic iron oxides with a range of con- 
trolled magnetic properties. Both the black 
ferroso-ferric and brown gamma ferric 
oxides are described in a Data Sheet listing 
magnetic properties of six grades. 


if you have problems involving any of these ma 
teria/s, please let us go to work for you. We main 
tain fully equipped laboratories for the develop- 
ment of new and better inorganic materials 
Write, stating your problem, to C.K. Williams&Co 


Dept. 25, 640 N. 13th St, Easton, Pa 
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MICO 


DESK AND DOOR PLATE ENGRAVER 


FOR 


Engraving most 
sizes of Desk 
and Door Plates 
in a single set- 
up. 


FEATURES 

. Six Pantograph ratios—from 1.5:1 to 4:1. 

. Spindle has integral micrometer depth contro! of 
-250”. 

. Uses standard tapered-shank engraving cutters. 

. New 19” Copy carriers hold 17” of master copy: 
Permits engraving about 11” line of characters in 
one set-up at the 1.5:1 ratio. 

. Three sizes of copy carriers available. 
tioned separately. 

. Work-holding fence speeds set-up and engraving 
time. 


Each posi- 


Send for illustrated Catalog 


MICO INSTRUMENT CO. 


77 Trowbridge St. Cambridge 38, Mass. 
CIRCLE 213 ON READER SERVICE CARD 
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NYLON SCREWS 
AND NUTS 


also available in Delrin 
MACHINE SCREWS from miniature 


ar 


#0 thru %” in wide range of 
lengths and head types. 


Also SET SCREWS, NUTS from #2 
thru 5/16”. 


GRC’s exclusive methods—die cast- 
ing zinc alloy or molding Nylon 
and Delrin fasteners in one high 
speed automatic operation—assure 
high quality at lowest possible 
cost. 

Write, wire, phone TODAY for SAM. 
PLES, prices, 


SB 
4 


gr 
i) 


ap aaiace 


your copy 


GRC’s NEW 
INDUSTRIAL 
FASTENER 
CATALOG 


World's Foremost Producer of Small Die Castings 


151 Beechwood Ave. 
Phone: (914) NEw Rochelle 3-8600 








® New Rochelle, N. Y. 
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87 adjustable stop switches 
replace 2,001 standard types! 


aven revolutionizes switch availability by 
Cc) putting the equivalent of 2,001 standard 
types on your local selected distributor’s 
shelf, ready for immediate delivery. That's 97% of 
all your switch needs brought right to your door, 


usually within 24 hours. 


Daven does it by designing the characteristics of 
2,001 switches into 87 easy-to-stock, easy-to-use 
adjustable stop switches. The result: instant avail- 
ability and maximum flexibility (you can change 
the number of switch positions at any time). The cost 
is the same, or less, than its standard counterpart. 


i 
Daven adjustable stop HON wv 
switches are built in 4 
square configuration, in 1%” and 2%” sizes. Like all Daven 
switches, their metal parts are fabricated from corrosion-resistant 
materials . .. plastics are heavily filled with non-organic fibres and 
are capable of withstanding high temperatures . . . switch contacts 
and rotor arms are solid silver alloy. Daven’s patented knee action, 
tamper-proof rotor is standard. All applicable paragraphs of MIL- 
S-3786 and MIL-E-5272 are met and exceeded. 


For your new switch catalog, with details on the new adjust- 
able stop switches and a complete Replacement List, write 
today! 


(PD) THE DAVEN COMPANY, Livingston, New Jersey 


SWITCHES 


A SUBSIDIARY OF 
GENERAL MILLS 


TODAY, MORE THAN EVER, THE DAVEN ©) STANDS FOR DEPENDABILITY 











¢ ...an outstanding example 
of the infrared measurement 


problems RCA photocells 


can help you solve 


: Whatever your problems in sensing and measuring infrared 
: e radiation, you'll find that RCA has the experience and know- 
sal | . how to help you solve them. A pioneer and recognized author- 
; “i \ j ity in IR research, RCA can provide a wide variety of infrared 
photocells and cooling accessories. One RCA IR photocell, 

Developmental type C-70015, is so sensitive that under con- 

trolled conditions it can detect a difference in radiation result- 

P ing from a temperature change of one millionth of a degree. 


INFRARED PHOTOCELLS 
Developmental Photoconductive Types: 


C72226A—A head-on, metal-Dewar type photocell. Detector: 
p-type gold-doped germanium. Spectral response: 2 to 9 
microns. Coolant: liquid nitrogen. Detector temp.: 77°K. 


C70015—A head-on metal-Dewar type photocell. Detector: 
p-type zinc-doped germanium silicon alloy. Spectral response: 
2 to 14 microns. Unit employs cryostat. Coolant: pumped 
liquid nitrogen (for detector temperature of 50°K) or liquid 
neon (detector temperature of 27°K). 


€70201—A head-on metal-Dewar type photocell. Detector: 
p-type gold-doped germanium silicon alloy. Spectral response: 
2 to 14 microns. Unit employs cryostat. Coolant: pumped 
liquid nitrogen (for detector temperature of 50°K) or liquid 
neon (for detector temperature of 27°K). 


Cells for your custom applications can be designed utilizing 

3 the special materials RCA has developed for IR detection, and 
. our knowledge of the proper operating temperature for each 
material as well as the means by which this temperature is 

achieved and maintained. Windows of barium-fluoride or ger- 

manium suitably coated to be non-reflective at any desired 

wavelength can be supplied. For cells having response at wave- 

lengths above 25 microns, cesium-iodide windows are used. 





Typical Detectivity 
(D*)= em (cps)* 
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"Under fellowing cenditions: Bandwidth | cps; black-body source operated at 
@ color temperature of 500°K interrupted at 900 pulses per second to produce 
incident-radietion pulses alternating between on and off. 


RCA invites your specific questions and problems concerning 
IR. We are prepared to help you solve them either through 
products already developed—or by means of new products, 
materials and techniques developed especially for your appli- 
cation. For information, call your RCA Field Representative, 
or write directly to Phototube Products Marketing, Section 
L-19-Q-2, RCA Industrial Tube Products, Lancaster, Pa. 


RCA Electron Tube Division Field Offices .. . INDUSTRIAL PRODUCT SALES: 
NEWARK 2, N. J., 744 Bread St., HUmboldt 5-3900 « CHICAGO 54, ILLINOIS, 
Svite 1154, Merchandise Mart Plazo, WHitehali 4-2900 - LOS ANGELES 22, 
CALIF., 6801 E. Washington Bivd., RAymond 3-8361 + BURLINGAME, CALIF., 
1838 Ei Cemine Real, OXford 7-1620 - GOVERNMENT SALES: HARRISON, 
N. J., 415 South Fifth St., HU 5-3900 +» DAYTON 2, OHIO, 224 N. Wilkinson 
St., BA 6-2366 » WASHINGTON 7, D. C., 1725 ‘‘K"’ St., N.W., FE 7-8500 


RCA ELECTRON TUBE DIVISION 


The Most Trusted Name in Electronics 


® 








